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AD P001357
CODAP: ANALYTICAL TOOL FOR POSITION CLASSIFICATION?

Jean Newton, Occupational Specialist

Office of Personnel Management

Standards Development Center

Washington, D. C. 20415

Summary

The U. S. Office of Personnel Management (OPM) experimented to determine the
economy and feasibility of using Comprehensive Occupational Data Analysis

Programs (CODAP) in developing position classification standards for civilian

occupations. Classification standards are structured using a nine-factor
evaluation methodology, They must achieve equal pay for substantially

* equal work, not only within the occupation, but across occupational and
organizational lines,

-,The experimental study included a nationwide survey of about 2000 positions

in the GS-203, Personnel Clerical and Assistance Series, with CODAP clustering
analysis to identify subgroups which require separate treatment in occupa-

* tional analysis. Through this method, we identified duty profiles for

various work situations and evaluated the magnitude of the subgroups in
* recommending a restructuring of subgroups within the occupation. More

traditional methods of factfinding such as personal observations and on-site
interviews were required to explain reasons why one kind of work is more

difficult than another in arriving at grades for the occupation.

INTRODUCTION

Our question was: Can we use computers and automated job analysis in

developing classification standards for Federal civilian occupations?

Some time ago, a task force at the Office of Personnel Management (OPM)

recommended streamlining the collection and analysis of occupational data in
OPM studies--using multipurpose questionnaires and computer processing.

From a theoretical standpoint, the Standards Development Center (SDC) staff
had reservations about the potential value of automated job analysis for

SDC occupational studies. However, in the interests of keeping up with
the State-of-the-Art and simplifying our occupational analysis and documenta-
tion procedures, we decided to experiment to evaluate the possibilities
more objectively.

We selected CODAP for the experiment because it has been used successfully
by other Governmental offices in occupational analysis for training

programs and test development, and the computer programs were already
developed. The experimentation was planned in conjunction with our ongoing
schedule of occupational studies with production being given foremost

consideration.
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BACKGROUND

Position Classification Standards

Position classification standards are published by the Standards Develop-

ment Center and applied by agency classification specialists throughout

the U. S. in determining the appropriate titles, series, and pay grades

for civilian positions. These standards must achieve "equal pay for
substantially equal work" across occupational lines and agency lines,
as required by law (Chapter 51, Title 5, U. S. C.)

In developing classification standards, we need to do several kinds of
analysis:

--Series Analysis: What are the boundaries of the occupation? Which jobs
should be included; which should be excluded?

--Level Analysis: What characteristics distinguish between levels of work?
What makes one kind of work more difficult than another?

--FES Analysis: How should the nine factors of the Factor Evaluation System

be described? Distinguishing characteristics identified in the level

analysis must be considered, and subdivided or splintered, as appropriate,
into levels of the nine FES evaluation factors. How this information is
distributed under the various factors can affect grade levels of jobs

because of the FES weighting scheme, e.g., Factor 1, Knowledge Required

by the Position, has an average weight of 40% of the total classifica-

tion of a job, while Factor 4, Complexity, has an average weight of 10%

Considerable judgment goes into tailoring factfinding to meet the needs of
a standards project. We research background information in our project

files or libraries; interview people in the occupation; analyze training
programs and guidelines governing the work; review work samples; observe
work in progress; conduct panels of subject-matter experts, etc.

During the factfinding, the occupational specialist traditionally examines
duties and tasks as "clues," continually comparing and probing until s/he

personally arrives at logical reasons for classification differences and

similarities in various kinds and levels of work. A serious disadvantage
in this methodology is that key information is embedded in the mind of

the occupational specialist. Another specialist cannot usually assume a
study in progress without conducting additional factfinding, thus prolong-
ing the project.

The Occupation Studied

We selected the Personnel Clerical and Assistance Series, GS-203, for this

study because it was on our priority projects listing; the work was under-
standable to people who would review our reports of the experiment; and

tasks could be listed readily in a questionnaire.

Positions in this occupation have, as a common base, knowledge of some
aspect of civilian personnel rules and procedures. The 1966 classification

standard authorized twelve different titles:
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Personnel Clerk Personnel Assistant

Classification Clerk Classification Assistant

Employee Development Clerk Employee Development Assistant
Empoloyee Relations Clerk Employee Relations Assistant

Labor Relations Clerk Labor Relations Assistant

Staffing Clerk Staffing Assistant

Sixty Federal agencies have positions in different kinds of work settings

such as civilian personnel offices, administrative offices, examining
offices, training centers, and Federal job information centers. The total
occupation has about 10,000 positions.

Clerical titles overlap with assistant titles at grade GS-6, and assistant
titles overlap with trainee specialist titles at grades GS-5 and GS-7.
The Central Personnel Data File (CPDF) gives the number of jobs at each

grade, but not the number of clerks and assistants or the number of jobs
in each specialization. So we felt that this occupation was a good candidate
for CODAP analysis, particularly the clustering of jobs according to the
tasks performed.

CODAP SURVEY PROCEDURES

The CODAP survey included developing the occupational questionnaire and
answer sheet, identifying the survey sample, administering survey forms, and
processing the data collected.

The Questionnaire

Some information for the questionnaire was obtained from position descriptions,
"* adjudicated appeals, training courses, regulations, and procedural guides.

To obtain the kind of detail needed for task statements, we also interviewed

employees and supervisors at their work sites.

In the hope of being able to identify levels of difficulty and specialized

kinds of work in analyzing CODAP reports, we organized the 538 task statements
in a special way:

--Twenty duty headings covered work requiring specialized personnel knowledges.

To the extent possible, task statements under these headings were written
to bring out different levels of work. For example, instead of writing
a task statement such as "Compose job announcements," we used two statements:

1. "Compose job announcements for recurring vacancies," and

2. "Compose job announcements for one-of-a-kind vacancies."

In this example, the first task is easier because recurring vacancies tend

to be for clerical or low grade jobs which have readily understandable
kinds of work; previous announcements can be modified with a few changes.

The second task requires developing new material usually for higher grade

jobs which have more difficult kinds of work and more complicated kinds of
qualif8cation requirements.
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--Six duty/function headings were added to round out the occupational data

however, they do not involve specialized personnel knowledges, i.e., records
maintenance, meeting arrangements, coding, and typing. Where possible tasks
under these headings were written more broadly to keep the questionnaire as
short as possible, e.g., "Assign serial numbers to items such as applica-
tions, announcements, PD's, employee suggestions, etc.

A complicating factor in organizing the tasks was that CODAP processing limits
the number of duty headings to twenty-six. Because of the diversity in kinds
of work, we had to synthesize tasks of unrelated jobs under some of the headings,
e.g., the heading "Federal Pay Explanations and Procedures" ranges from explain-
ing when pay days are (which could be performed in a variety of jobs) to
participating in wage surveys (usually a function of the classification and
wage office).

Employees were asked to rate their tasks on a relative time-spent scale, and
supervisors were asked to rate tasks supervised on a relative-difficulty scale.

. The Survey Sample

Our initial survey sample had about 2700 employees and 350 supervisors:

--Ten agencies identified approximately one-third of their employees and
15% of their supervisors on the basis of representativeness. Most of these
were scheduled for group administration of the survey forms.

--A 10% random sample from the Central Personnel Data File provided positions

in an additional 41 agencies to which we mailed the survey forms.

One large agency declined to participate because of the workload required.

The good returned sample had about 1900 questionnaires. The primary reasons
for the reduced sample was a high rate of "no shows" for OPM-sponsored
group sessions and failure to return mailed forms.

Administration

Fifty-seven group sessions were conducted nationwide. In 21 of these, agency
representatives volunteered to conduct group sessions for their own employees
rather than have them travel away from installations.

A potentially serious problem arose when a large military command advised that
approval must be obtained from a union headquarters which had nationwide
recognition before they could participate. Apparently, the union viewed the
questionnaire as a vehicle for going directly to employees, thus circumventing
union participation. There were also union concerns about:

--The adequacy of the task statements; and
--The possibility that if employees did not fill out the forms properly, their

grades would be adversely affected.

In resolving the issue, our Labor Relations Officer explained that the project
leader would personally be conducting on-site interviews to supplement and
verify data obtained in the survey.
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CODAP Processing

OPM's computer is not adapted to do CODAP clustering. We are grateful to the

Navy Occupational Data Analysis Center for coming to our rescue, scanning the
answer sheets and producing CODAP reports using their standard programs.

In identifying clustered groups to analyze, we considered the percentage of

commonality within the group and the number of jobs. 40% commonality is
generally considered to be significant. For classification, we need to describe
discrete work situations so that one is readily discernible from another.

Therefore, to the extent that sufficient jobs were provided, we used a 50%
or higher degree of commonality within the group as our criterion in selecting
11 groups for further analysis.

Despite our care in writing and organizing task statements, positions within

the groups were at several grade levels. In standard studies, we do not assume
that because a kind of work is now performed at a current grade level that

that is the correct grade level. However, in order to analyze levels of work
in the CODAP groups, it was necessary to obtain CODAP job descriptions by
current grades.

ANALYSES FOR GS-203 STANDARDS

Decisions in the occupational analysis involved a blending of knowledges gained

from a variety of sources. During the interim between administering the survey
and developing the standards, we interviewed an additional 100 employees and
their respective supervisors.

CODAP methodology was most helpful in determining the specializations and
coverage of the standard. Information gained in interviews and on-site obser-
vations assisted in explaining or confirming data in CODAP reports and furnished

insights for the more detailed level analyses and FES factor analysis.

Series Analyses

In the process of determining the coverage of the standards and specializations,

we looked at CODAP duty profiles by current classifications and then by the

CODAP clusters:

--Current Classifications We developed a bird's eye view of the occupation
using CODAP job descriptions for current titles. By selecting cut-off points
for total members performing and percentage of time spent, we developed
summary duty profiles which give information such as:

o Profiles of major duties in each specialization,

o The number of jobs in each specialization and their relationship to the
total occupation.

o The degree of nonspecialized work performed in relation to specialized

work.
o Work which is common to two or more titles, e.g., health and life

insurance procedures.
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--CODAP Clustered Groups

o The largest clustered groups were clerks effecting official personnel

actions and maintaining master personnel records. We knew the work existed,
of course, but not its magnitude in relation to other kinds of clerical work.
We recommended a new specialization called, "Personnel Processing Clerk."

To develop information for the boundaries of the Personnel Processing Clerk

specialization, we compared the duty profiles of typical full performance
jobs at grade GS-5 in three different CODAP groups (See Table I). We
selected the "purest" example of personnel processing work as a control

group to determine whether the other two groups were sufficiently similar
for classification purposes. Employees in the other groups spent more
time in staffing support work, but close examination of the kind of

tasks actually performed showed them to be work that is easily learned,
e.g., arranging for physical examinations and sending out routine appoint-
ment letters. We, therefore, provided for the performance of incidental

staffing tasks in the new specialization.

o We found the duty profiles of CODAP groups of agency staffing jobs, OPM
examining Jobs, and OPM job information jobs to be sufficiently similar
for grouping in the Staffing specialization. Employees in these jobs
spend considerable time providing information about how to apply for
Federal employment or promotion and reviewing or evaluating qualifica-
tions of candidates. In a closer look at the tasks performed under the

duty headings, we were also able to see similarities in the clerical jobs

between the groups and similarities in the assistant jobs.

o The CODAP grouping of federal employee benefits and incentive awards kinds

of jobs did not yield clear-cut assistant work. However, we were able to
find several bona fide assistants in this specialty during factfinding

in the field.

o The other CODAP groups formed individually and then together, presumably
because of significant typing, recordkeeping, and other nonspecialized
duties. These groups included employee development, labor relations,
classification, and OPM certification clerks and employees who operate
remote control computer terminals. This grouping supported on-site
factfinding information that there are no common career ladders or common

guidelines across agency lines to support all of the current specializa-
tions authorized for clerks. Tn fact many of these jobs are established
to provide the principal clerical support or secretarial service for an

office. We recommended a more general title of Personnel Clerk for
positions in these groups if they clearly should be included in the GS-203

series.

Our final recommendation was to reduce the number of specialized clerical

titles from six to three; we retained specialized titles of all assistants
because they perform routine technical work of personnel specialist occupa-

tions and must have KSA's related to those occupations.
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Level Analysis

After identifying the specializations, we looked for progressive levels of
difficulty in the work which would later be matched to grades. CODAP
provided clues, but not reasons. We compared the average time spent on
significant individual tasks by grade level within the CODAP groups. It
usually follows that, when the amount of time spent on a particular task
progressively increases at higher grades, data related to that task might
be useful as classification criteria in distinguishing between grades.
Conversely, when a task is performed a similar amount of time at all grades,
it usually has no value for grade-determining purposes.

Data from other factfinding sources were used to explain the reasons or
characteristics that make some kinds of work more difficult than others.
To do this, we needed to know how the work is done, the kind of guidelines
used, problems in applying the guidelines, the degree of judgment required
in decision-making, etc.

FES Analysis

As with the level analysis, CODAP procedures did not provide the kinds of
detailed information needed to develop FES classification criteria in the
nine-factor format. Again, we relied heavily upon information gained
through observations and interviews in arriving at conclusions.

CONCLUSIONS

Based on our experience in using CODAP as an analytical tool for the Personnel
Clerical and Assistance Series, GS-203, we conclude that:

Potential Value in Standards Studies

CODAP might be of considerable value in standard studies for occupations which
have mixed kinds of work, variations in the makeup of jobs, and a large number
of employers, for example, the Administrative Officer Series, GS-341; Support
Services Administration Series, GS-342; and Management Analysis Series, GS-343.
The initial problem in these studies is to identify the different kinds or
categories of jobs for further analysis, coverage of the occupation, and
positions to be excluded. While an occupation may seem too complex for the
human brain to cut through the maze, CODAP readily provides a diagram of the
occupation and duty profiles of kinds of jobs. The number of jobs in each
category is also considered in deciding the extent and nature of classification
treatment needed. These procedures, however, do not negate the need to do
additional factfinding such as on-site interviews and observations.

The face validity of CODAP reports might also be useful in studies when there
is controversy such as conflicts between interest groups regarding distinctions
between occupations and pressures for higher grades.
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Potential Value To Other Organizations

CODAP would have potential spinoff value for agencies if they were able to use

the reports pertaining to their own employees for internal projects such

as assessing training needs.

Economy

The addition of CODAP methodology in our classification standards studies,

would not be cost effective. In this particular project, the survey added
1 and 1/2 years to the project at an estimated cost of $50,000 to OPM and

another $50,000 to agencies for salaries of participants and CODAP processing.

We doubt that these costs could be pared below a total of $50,000 with a

smaller sample size and distribution of forms by mail.

In summary, the use of CODAP in classification standard studies does not

negate the need for on-site interviews; and, for the usual study, the same
information derived from CODAP can be obtained through interviews and other

traditional factfinding methods. In view of the additional costs to the

project and disruption of agency offices, we cannot recommend its standard
usage as an analytical tool in SDC projects. An exception might be an

extremely complex or highly controversial project; in which case, considera-

tion should be given to contracting out the printing, distribution, and

processing aspects of the survey.
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TABLE No. I

COMPARISON UF P, CY PR OFIIES

Personnel Proce(,,sing Clerical Work -- CurrenL GS-5 Positions

" DUTY/ Group 1119 (N= 51) Group 811 (N=77) Group 745 (N=62)

FUN% Time f Members T/,, Time %MHembers
pt '  Performing Sent Perform ing Spent Performing

A. Job Info 1 59 3 '6 t .%..'2 ".4,-
B. Tests 2 1 7 1 55

- C. Qual Rev 24 9
D D. Registers 8 55 7 88

- E. Classification 1 47 1 7__ _ 2 79
F. SF- 2's -- T------- ----------------------------
G. Agency Staffing 4 90 --- _ :OO-: .-- ------ - - -

H. Processing 12 100 010 -01
I 1. Suspense Dates 11 "100 8. 100 6 100

* J. Leave 4 92 5 99 4 100
K. Health/Life Ins 19 100 16 100 10".' 9T. .
L. Retirement Proc. " 3 88 6 98 5 9 7
M. Pay Procedures iL8 L L 100 7 100 7 47
N. Other Svs 1 74 2 93 2 95
0D. Grievances 13 36 65
P. Inc. Awards 10 43 1 60

i Q. Employee Dev. 6 8 1 34
R. Labor Relations 2 9 20
S. EEO 6 32
T. General Writing 1 33 1 62 2 71
U. Records Maint. / / A, / __

V. Meeting .rrang. IU 16 I /1
W. Computer Proc. /3 77
X. Typ. for Others 4/ /4 2 92
Y. Typ. Own Work 1 55 1 83 2 96
Z. Leading 2 57 2 79 2 85

Average Similarity
Within Group 61.1 56.4 54.8

r Typic;al Personnel Processing Work

K- Triter lace of Staff ing Clerical and Personneli Piccessing Work

Inc i n1 ntol Support Staffing Tasks

leri al W,rk Not Requiring [',' ,oikne I KnowleIges

'Not, 4 ,4 .ir ;] l- l-':K t .L .I' (IT''jI . nI It lla I- r significance:
5'. aV(r'l .- 1' lt (if t li' soPent 111(1 1( ) I l()Ii) p , I, forming
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Social Sciences, Alexandria, Virginia. (Tues. A.M.)

An Empirical Investigation of First Term Attrition

The research reported in this paper represents an attempt to

identify "high risk" attrition factors in first term enlistees. In

contrast to previous studies, this resaerch looks at a comparison

between soldiers still in the Army, early dischargees, and soldiers

completing their tour (ETS). The variables being investigated include

soldier demographics, job characteristics, work environment, attrac-

tiveness of civilian opportunities, quality of location of assignment,

and soldier gender.
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An Empirical Investigation of First Term Attrition

Glenda Y. Nogami
,.~

U.S. Army Research Institute for the Behavioral and Social Sciences
Alexandria, Virginia 22333

INTRODUCTION

First term enlisted attrition costs the Army hundreds of millions of

dollars each year. In a 1980 Report to Congress, the General Accounting

Office (GAO) determined that enlisted attrition from the 1974 to 1977

Cohort Years cost the government 5.2 billion dollars. These costs in-

clude the recruiting, training, and out-processing of early discharges,
replacement recruiting, training and in-processing, in addition to

veteran's and medical benefits to qualified early discharges (attritees).

In addition to the high monetary costs, attrition also puts stress into

the Army system. Personnel turbulence may affect unit readiness and unit

effectiveness. Attrition creates a "domino effect" affecting recruiting

(USAREC) and training (TRADOC) - i.e., more recruits and training for

these new recruits is needed.

Although attrition is costly - as evidenced by both monetary and

system stress, a certain amount of attrition is to be expected and welcome.
No system of recruiting is perfect, so some "weeding out" of unqualified

recruits is needed. What the optimum level of attrition should be has

not been determined. What has been determined, however, is that the

present attrition rate and attrition costs are too high.

When reviewing the literature on attrition, (c.f., Sinaiko, 1977;

Goodstadt, Yedlin, 1979; Mobley, Hand, Baker and Meglino, 1979; Martin,

1977; Wiskoff, Atwater, Houle and Sinaiko, 1980; etc.) several things

became clear. Differences in rates of attrition have been found between
male and female soldiers (Ross & Nogami, 1981; Fox, 1979; Martin, 1979;

Addington, 1979; and Tolk, 1978), between educational groups (Fox, 1979;

Guthrie, Lakota, and Matlock, 1978; Manning & Ingraham, 1981), between

female traditional and non-traditional MOS (Tolk, 1978; Ross & Nogami,

1981) and between stations of assignment (Whittenburg & Dahlinger, 1978).

Beyond these categorizations little research has been done. There

have not been any answers to questions such as: How does male attrition

differ from female attrition? What is it about female traditional MOS
which effects attrition? What are the differences between stations of

assignment which affects attrition? How do the various demographic and

biographic characteristics interact to affect attrition?

The views expressed in this paper are those of the author and do not

necessarily reflect the view of the U.S. Army Research Institute or the

Department of the Army.

872



To systemically answer the above concerns, we at ARI have undertaken
a our year programmatic research effort. We are now in the beginning
of our second year. In this paper, I would like to present two studies--
one, an analysis of the DMDC 1976 Cohort Data Base and, two, preliminary
results from an on-going field research project.

1976 Enlisted Cohort Data Base

The objective of this resea-ch effort was to determine whether
attrition rates differed by (a) soldier gender, (b) soldier characteristics,
(c) type of discharge action, and (d) the traditionality of the Military
Occupational Speciality (MOS). To achieve this objective, we analyzed
the Defense Manpower Data Center (DMDC) fiscal year 1976 Enlisted Cohort
Data Base.

To have comparable numbers for analysis, the ARI data base included
all FY 1976 nonprior service 3-4 year female enlistees, and 10% of all
FY 1976 nonprior service, 3-4 year male enlistees. Male enlistees were
selected on the basis of the last digit of their social security number.

Because soldier gender, soldier characteristics and MOS were of
importance for this project, only those MOS with at least 10 females and
10 male soldiers was included. Consequently, all combat MOS were excluded
from the data base. In addition, all non-white, non-black, "other"
personnel were excluded (this included only 680 persons - too small for
analysis by ethnic group and MOS). For more information on the data
base see Ross & Nogami (1981).

Analyses: Two types of statistical tests were used to analyze the data:
(1) multi-dimensional chi-square and (2) analysis of variance. The
multi-dimensional chi-square analyses compared all individuals within a
traditionality category with all other individuals in other traditionality
categories. The analyses of variance compared MOS attrition rates
within a category to other MOS attrition rates in other categories. As
such, the analysis of variance techniques emphasized the dispersion of
different MOS attrition rates.

Results and Conclusions: 1. The variables of race, education, and AFQT
were included in the overall multi-dimensional chi-square analysis used to
evaluate gender and traditionality. Education, race, and AFQT related
strongly to attrition; higher rates of attrition occur for (1) the non-high
school diploma graduates (including GEDs) than high school diploma graduates,
(2) whites than blacks, and (3) Category III and IV than Category I and
II. It is important to note that there were several two-way interactions
in these data (shown in Table 1). These interactions indicate that differ-
ences in attrition rates related to one variable (such as education) are
not constant when a second variable (such as gender) is considered. In
the data the overall difference between male and female attrition rates
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K TABLE1

ATTRITION RATES FOR
EDUCATION x GENDER, RACE m GENDER

AND RACE x EDUCATION

EDUCATION x GENDER

MALE FMIALE

EDUCAToN ESDG .23 (4,428) .39 '11,177) .35 (15,605

NHSDG .50 (3,453) .56 ( 1,385) .52 ( 4,838

.35 (7,881) .41 (12,562)

RACE x GMEMUER

MALE FEMALE

BLACK .33 (2,237) .28 (2,430) .31 ( 4,667
RACE

WHITE .35 (5,644) .44 (10,132) .41 (15,776

.35 (7,881) .41 (12,567)

RACE x EDUCATION

HSDG NHSDG

BLACK .26 (3,616) .48 (1,051) .31 (4,667)
RACE

WHITE .37 (11,989) .53 (3,787) .41 (15,776

.35 (15,605) .52 (4,838)

AFQT x GENDER

MALE FEMALE

(Cat. 1,
I) .27 (2,285) .40 (9,051) .37 (11,336

AFT
(Cat. III,

XV) .38 (5,596) .44 (3,511) .40 (9,107)

.35 (7,881) .41 (12,562)
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VI

for Education x Gender was .06 (.35 - .41). But this difference was not
constant for males and females at the two education levels. Graduate
men and women differed by .16 (.23 - .39) while non-graduates differed
by only .06 (.50 - .56) (See Table 1).

2. Males and females attrited for different reasons. More females than
males attrited due to family related causes and pregnancy (9% and 25%
differences, respectively). Male attrition was higher for TDP (8%),
EDP (5%), medical (6%) and adverse causes (15%). There was no difference
between male and female attrition due to "other non-adverse causes"
(See Table 2).

TABLE 2

ATTRITION RATES FOR SEPARATION CATEGORIES
OTHER FAMILy

TDP EDP MEDICAL PREGNANCY ADVERSE NON-ADVERSE RELATED

Hale 33% 251 131 -- 24% 22 32

Female 25% 202 72 25% 9% 2% 121

3. The MOS job traditionality data were analyzed with multi-dimensional
chi-square and an analysis of variance techniques. The multi-dimensional
chi-square analysis showed that MOS job traditionality has a moderate
effect on female attrition rates (See Table 3). Overall female attrition
was lowest in the traditional female MOS category, intermediate in the
less traditional, and highest in the non-traditional female MOS category.
For males, traditionality of MOS categories appeared to have no effect.
In contrast to the chi-square analysis, the analysis of variance for job
traditionality and gender was non-significant even though the percent/
proportion differences between males and females was as large as or
larger than the differences in the chi-square analysis.

In addition, the differences between male and female attrition rates
is not as simple as Addington (1979) would lead us to believe. Addington
suggested that female attrit at a constantly higher rate than males over
MOS. OUr data indicates that in may MOS, females do have ahigher
attrition rate (e.g., 03c with 21.8% more female attrition; 71D with 28.4%
more female attrition, etc.). However, there are MOS where males have a
higher attrition rate than females (e.g. 91R, with 21.9% more male
attrition; 91T, with 9.1% more male attrition) and MOS with similar
attrition rates for males and females (e.g., 71G and 91D). In an effort
to understand the dynamics which influence different MOS attrition rates,
we have embarked on a field research project. (See Table 4)
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TABLE 3

Multi-dimensional Chi-Square Analysis

Gender X Traditionality
p A .0000

Male Female Difference

Traditional .341 .37 +.03
Less Traditional .35 .43 +.08
Non Traditional .35 .46

Analysis of Variance

Gender X Traditionality

p - 18

Not significant Male Female Difference

Traditional .28 .36 +.08
Less Traditional .35 .41 +.06
Non Traditional .31 .45 +.14

1Proportion of attrition to non-attrition. Can be directly translated to
percent attrition.
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TABLE 4

COMPARISON OF MALE AND FEMALE ATTRITION FOR SELECTED MOS

TRADITIONAL MOS,

%MALE %FEMALE
* PMOS (n)MALE (l-n)FEMALE ATTRITION ATTRITION DIFFERENCE

* 03C 11 15 18.2 40.0 21.8

* 05B 129 67 40.3 47.8 7.5

26Q 21 57 4.8 17.5 12.7

31N 14 69 50.0 55.1 5.1

31V 104 70 42.3 37.1 -5.2

- 32D 18 29 27.8 37.9 10.1

71D 19 95 10.5 38.9 28.4

71G 18 29 27.8 27.6 - 0.2

* 91D 27 56 29.6 26.8 -2.8

91P 10 49 10.0 36.7 26.7

*91R 14 96 50.0 28.1 -21.9

%91T 11 11 27.3 18.2 -9.1
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Field Investigation of First Term Attrition

The objective of this research is to determine how attrition varies
as a function of the characteristics of (a) the enlistee (i.e., demographics,
reasons for elisting, morale); (b) the MOS or job (i.e., traditionality of
MOS, job environment, and competing civilian opportunities); and (c) location
of assignment (i.e., Continental United States (CONUS)-Europe (USAREUR),
well-liked vs. disliked post, availability of recreational and service
facilities).

The resulting research design incorporates 2 geographic locations
(CONUS and USAREUR), 2 levels of quality of installation (desirable vs.
undesirable), 4 levels of MOS traditionality (female traditional, less

traditional, non-traditional and combat) and gender (male and female).
(See Figure 1).

QUALITY

Desirable Undesirable

CONUS J * *

USAREUR *5

**contained within cell is the design below

GENDER

Male Female

CMF 31 CMF 31
71 71TRAD

Cm 76 CMF76
LESS 95 95

o TRAD

CMF 63 CMF 63NON-
64 64

CMF 11
COMBAT 13

(n-JO0

FIGURE 1. Research Design
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Fifty first term enlisted males and fifty first term enlisted females
in the traditional, less traditional an non-traditional MOS and one
hundred first term enlisted males in the combat MOS were surveyed.
In addition, one hundred first term enlisted early dischargees and one
hundred soldiers completing their term of enlistment were surveyed to
provide comparison groups.

To provide a leadership perspective to first term attrition,
25 non-commissioned officers (E6 and above) and 25 Company commanders
were administered a leadership survey.

Results: Data collection in CONUS has been completed; but we are still
waiting for 20 questionaires which have been in the mail for over 3 weeks.
Data collection in USAREUR is nearing completion. Consequently, the
results presented today will only cover the CONUS data, and these are
preliminary findings.

Table 5 presents the total numbers of analyzable enlisted question-
naires in CONUS. The numbers of usable questionnaires from the early
dischargees and soldiers completing their enlistment was too low to allow
a full factorial design. Until all data is in, analysis of these may be
misleading. Consequently, the data presented will only be on first term
enlisted soldiers still in the Army.

The preliminary results presented below were selected from over
130 questions. They were selected on two criteria: (1) there must be
two or more results in the same direction and (2) acceptable significant
levels must have been demonstrated. The results are presented in five
sections: (1) reasons for enlisting, (2) work environment, (3) off-duty
environment, (4) MOS (Job) characteristics, (5) availability of facilities.

SM F

8798

tOI-35 345g

W 3

DINCUAPHCSTRfASITONKLITY Of CIV syGEDE
sy DUIsiAMILITY OF LOCATION
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1. Reasons for Enlisting: Career opportunities are more important to

females than to males as a reason for enlisting.

1. Career opportunities in the military look better than those in

civilian life. (19) (p=0.028)
Males = 2.38

Females = 2.24

2. I could make more money outside the Army. (70) (p=O.00)

Males = 4.03
Females = 3.62

3. A person can get more of an even break as a civilian than as a

soldier. (51) (p=0.083)
Males = 3.52

Females = 3.36

2. Work Environment: A more desirable location is related to more

satisfactory work climate.

1. All in all, I am satisfied with the soldiers in my work group.

(58) (p=0.009)
Desirable = 3.34

Undesirable = 3.07

2. All in all, I am satisfied with the Army. (59) (p=0.02)

Desirable = 2.84
U- sirable = 2.64

3. All in all, I am satisfied with my unit. (60) (p=0.031)

Desirable = 2.55

Undesirable = 2.34

3. Off-Duty Environment: A. The installation we labeled as desirable

is confirmed by respondents.
1. I want a reassignment to another post. (41) (p=0.003)

Desirable = 3.41
Undesirable - 3.73

2. All in all, this is a good post for me to live on. (61) (p=0.000)
Desirable = 2.69

Undesirable = 2.21

B. Females need more time off to take care of personal and family needs.
1. From the time you arrived at this installation, how many days have

you been sick and could not work? (6A) (p=0.000)
Males = 2.12

Females = 2.86
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2. I have enough time off to take care of my personal and family
needs. (38) (p=0.03 5)

Males =2.53

Females = 2.32

4. MOS (Job) Characteristics: A. Females have more of a mismatch
between their PMOS and duty MOS than males.

1. MOS: I am working in my Primary MOS. (119) (p=0.000)
Males - 1.34

Females = 1.61

2. I am working in the job areas for which I have been trained. (121) (p=O.001)
Males - 1.26

Females = 1.39

3. What is your PMOS? What is your DMOS? (8,10)
Average Percent Mismatch

Males - 13.28%
Females = 27. 65%

(see Chart)

B. Males spend more duty time in traditional male jobs (outdoors), females
spend more duty time in traditional female (desk) jobs.

1. Outdoors (76) (p=0.O00)
Males = 3.19

Females = 2.54

2. Doing heavy labor (77) (p-O.000)
Males = 2.45

Females = 1.86

3. Dangerous work (78) (p-0.000)
Males = 2.13

Females - 1.63

4. Dirty-Muddy-Oily work (79) (p-O.O00)
Males - 2.90

Females = 2.20

5. Ash and Trash (80) (p-0.0 3 0)
Males = 2.27

Females = 1.96

6. Indoors (81) (p=O.O00)
Males = 2.63

Females = 3.51
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7. Doing paper work (82) (p=0.000)
Males = 2.48

Females = 3.45

8. Doing important work (83) (p=0.001)
Males = 3.15

Females = 3.61

FIGURE 2

PERCENT MS MATCH FOR MALES AND FEMALES

-. 0

TRADITIONL~l LESS VON_
TRAITIONAL TRZIT I01NAL

MALES

o- PEHALES

.U

5. Availability of Facilities: At both desirable and undesirable loc.

soldiers are satisified with about the same total number of on-post pl

off-post facilities.

Satisfaction with Facilities and Services
Location

Undesirable Desirable

On-Post 7.57 6.025

Off-Post 3.93 5.06
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Oelrich, Fritz & Bennett, Bruce, Selective Service System, Washington,
DC. (Wed. P.M.)

Revitalizing the Selective Service Local Board Structure through

ADP Technology

The change in role for the Selective Service Local Board, from

a "selecting" agency, to a "claims" agency whose primary function is to

hear requests for judgmental reclassification from young men selected
for induction, and the change in procedures from a State "draft call"

to a National call process, led to new concepts in establishing the
local board network. The presentation will briefly review the his-

torical function of the local board network. The presentation will

briefly review the historical function of the local board and contrast
the pre-1975 system with post-1980 concepts.

During World War II, there was approximately one local board

for each county in the United States. Present laws permit up to five

counties to be represented by a single board. The presentation dis-

cusses the method of clustering actual or potential registrants by ZIP
code to establish evenly distributed local boards with balanced work-

loads. A detailed discussion of the method, which relies on a computer

plot of actual registrant ZIP codes by geographic coordinates, will
follow.

Examples of the computer product will show how the clusters are

formed, then how computer techniques "cross-level" populations to
balance workloads. Overlaying the computer plots on state and county
maps produces easily defined boundaries for each local board. Examples

of "real-time" outputs will demonstrate how the method has been applied

to establish the current local board system. Further discussion will

focus on the flexibility of the system and its ability to respond to

specific criteria.
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THE USE OF COMPUTER GRAPHICS
FOR PRACTICAL P1,OBLEM SOLVING

by

Fritz Oelrich and Bruce Bennett

\A

In early 1981, Selective Service was tasked with the job
of redeveloping local draft boards to cover the United States.
These boards needed to have easily identifiable boundaries, and
also were to meet certain size and composition attributes. The
problem faced by Selective Service was similar to a variety of
boundary determination problems, including voter redistricting
and school assignments. Selective Service's contractor--
Science Applications, Incorporated--was able to employ a
computer graphics approach to the problem, solving it with
relative ease and at a much lower cost than would have
otherwise been the case.

Background

With the discontinuation of the draft in 1973, the
Selective Service System was gradually phased down to a "deep
standby" status in 1976. In that status, the central structure
of the system was maintained at National Headquarters in
Washington, but the local draft boards and area offices which
would be needed in a draft no longer existed. As then
constituted, the entire Selective Service System would have
required months to be reconstituted before a draft could begin,
making the status of the system, indeed, a "deep standby" no
matter what the nature of the national emergency that would
require a reinstitution of the draft.

In 1980, the draft registration was begun again by act of
Congress, and a general revitalization program was also
initiated. The goal of this program was to make it possible to
provide the first inductees to training bases within two weeks
of the beginning of a major mobilization. Clearly, then, local
draft boards had to be reconstituted in order to meet and
sustain these new mobilization requirements (though these
boards would remain dormant until an induction was initiated).
Further, Selective Service was required to operate a "uniform
national call" with no inequity between different regions of
the country. In order to meet both the equity and time
requirements of an induction, Selective Service determined that
the issuance of induction notices would have to occur from the
national headquarters, but in doing so was faced with a
dilemma: how should local draft board boundaries be drawn so
that each induction candidate's assignment could be easily
determined?
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II. APPROACHING THE PROBLEM

Traditionally, local draft board boundaries were
determined by the states and usually conformed roughly to
existing political boundaries. Legislation for the Selective
Service System made only four requirements: (1) the basic
geographic unit should be the county; (2) for counties with few
registrants, up to five contiguous counties could be combined
into a single board; (3) for counties with many registrants, as
many boards as necessary could be created; and (4) the staffing
of the board should reflect the race and national origin of the
registrants living therein. Clearly, for those boards which
covered one or more counties, simply knowing the county of
residence for an induction candidate would allow Selective
Service to assign him to the appropriate board. Unfortunately,
many registrants do not know the name of the county in which
they live, making even these assignments difficult at times.
However, the real problem in determining assignments was in
counties with two or more boards, since board boundaries were
often arbitrary and assignments were extremely difficuit to
determine without a detailed map of the area and some knowledge
of the area as well.

Within those counties with multiple boards, the
traditional system also had two other problems. First, since
board assignments were difficult to determine, it would be
difficult to keep track of the number of registrants assigned
to each board in a national registration system, as begun in
1980. Without knowing these numbers, Selective Service could
not modify local board boundaries in order to equalize the
workload of boards within a given county. More importantly,
the use of political boundaries generally did not lead to the
formation of boards with homogeniety in race and national
origin, making it more difficult to meet the legal requirements
in these areas.

Defining Geographic Areas

What was needed was a system which could provide a simple,
direct indication of where each registrant lives, and in turn
could serve as the basis for defining board boundaries. After
some contemplation, it became clear that zip codes provided the
best and probably only such system. To begin with, each zip
code is (nominally) assigned to a county by the Postal Service,
and thus determining the county of each registrant from Ii.i zip
code would be relatively easy. Further, since ref:istrat r was
to be done by the Postal Service, they could easily verify the
zip code information submitted by registrants. Also, since
registrants were required to specify their zip codes when
registering, the use of zip codes to define board boundaries
made it possible to project the workload of local boards and to
determine local board assignments when preparing indtiction
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notices at the national level. Finally, a wealth of
demographic information is available by zip code, allowing the
establishment (to the extent possible) of boards homogeneous in
race and national origin, simplifying the requirements for
choosing local board members. In short, zip codes clearly
provided the basis needed for making local board assignments.

In Searr of a Technique

While zip codes provide an useful geographic description
of this country, the division of the country into local boards
required that each zip code be precisely located, and then some
procedure had to be applied in order to group the zip codes
into local boards. In essence, the requirements here were
similar to those in a variety of related problems such as voter
redistricting and the determination of school boundaries. In a
more general sense, a whole range of assignment-type problems
faces the same challenges: (1) determining the relative
locations and attributes of constituent parts, (2) the lack of
a simple algorithm for combining, matching, and/or clustering
these parts, and (3) the necessity of showing graphically (in
the form of a map) the nature of the assignments made.

The initial efforts to solve these challenges at Selective
Service involved two pilot states: Maryland and Kentucky. In
these states, detailed zip code maps were obtained for the
large urban areas, and the other zip codes were located by city
on state maps. Once the state zip code maps were completed,
the division of the local boards proceeded. While these pilot
efforts showed the feasibility of the concept, they also
clearly showed a number of problems with this technique of
processing. First, the process was extremely time consuming
and required a detailed knowledge of the area studied. Thus,
while Selective Service had hoped to present new local board
boundaries to the state directors of Selective Service at a
conference in April, 1980, by January we realized that this
procedure would allow us to complete the work on only about
half a dozen states by that time. Second, the zip code maps
available were often incomplete and did not cover many of the
suburban and near urban areas adequately. As a result, many
zip codes were added after the initial assignments were found
to-be incomplete, and the assignments then had to be redone.
Finally, the entire process was very tedious, especially
because of the inadequacies in the data and the iterations
required for completeness.

At that point, we discussed these problems with one our
contractors, Science Applications, Incorporated (SAI). The SAI
staff suggested using a computer as the medium on which to
perform our assignments. In order to locate each zip code, the
latitude and longitude of the zip code would be specified.
This information could then be drawn on a computer screen for a

county that required more than one local board, and that county
could be divided by a person using some form of clustering
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procedure on the screen. If successful, the indicated computer
technique would allow all local board assignments to be made in
a much shorter time period; our goal was to complete the entire
country in time for our April conference.

III. IMPLEMENTING THE TECHNIQUE

The actual division of zip codes into local draft boards
involved two steps. First, since local boards are always
associated with counties, the county for each zip code had to
be determined, and the corresponding local board or boards
identified. Fortunately, previous work by Selective Service
had already determined the pairings between local boards and
counties based upon registration estimates for each county; in
some cases these assignments were eventually modified because
the actual registration data varied somewhat from the
estimates. For counties with only one local board, or for
local boards with more than one county, this identification
process was sufficient to determine the local board. For
counties or groups of counties with more than one local board,
the second step involved the division of the zip codes into
what were generally geographically compact, roughly equal-size
boards.

Data Problems

In the process, we encountered a variety of data problems,
making these two steps somewhat more difficult than expected.
First, while there are about 38,000 valid zip codes, our
initial data set contained approximately 50,000 zip codes, many
with only one or two registrants. Comparing the Selective
Service zip codes to a post office master file showed that many
of the extra zip codes were clearly due to errors on the part
of one or two registrants (for example, the transposition or
deletion of digits), though in other cases some "invalid" zip

-: codes involved dozens or hundreds or registrants, and thus more
* likely reflected formerly valid or newly created zip codes.

The zip codes containing 5 or more registrants were identified
and retained, and the others were dealt with by combining all
such zip codes with the same three digit prefix into a single
zip code with that prefix followed by "00" (since the Postal
Service does not assign zip codes with zeros in both of the
last two digits--22100, for example). Thus, if 22194 and 22177
were both identified as "bad" zip codes, they were eliminated
and the number of registrants therein was combined to form the
22100 zip code. Our resulting list contains just over 37,000
zip codes (less than 38,000 since some of them are only for
industrial or commercial use).
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Our next problem involved determining the county and state
in which each zip code is located. While several data bases
that we obtained contained this information for many of the zip
codes, quite a number of the zip codes where not contained in
any other data base, and thus this information had to be
determined by hand. In other cases, the county or state

* assignment was not consistent between data bases. In part,
this problem is due to the fact that the area associated with
many zip codes cuts across county, and in some cases, state
boundaries. Even when a zip code was consistently shown in a
single county, there were a few cases in which the indicated
county was incorrect. Therefore, a variety of simple checks

*were performed on the data, and the final results where
reviewed by individuals from each state in order to reduce the
possibility of error.

Once these problems were resolved, a simple table look-up
procedure was used to assign zip codes either directly to their
local boards or to an aggregation of local boards which was
then to be split using techniques discussed below. In a few
cases, these assignments resulted in the creation of local
boards in excess of our maximum size guidelines; these boards
where either split along county lines in the case of

7 multi-county boards, or reserved to be split along with other
multi-board counties if only a single county was involved.

Our final problem was determining the location of each zip
code in terms of latitude and longitude, which would enable us
to graphically display the data. One of the data bases we
obtained had this information for many of the zip codes, but
when this data was plotted, it became apparent that there were
some errors (for example, some zip codes were located in oceans
or otherwise outside of the appropriate state or area). The
location data was run through a number of checks, including
comparing sample plots to the available zip code maps for major
urban areas. For the hundreds of points for which no latitude
and longitude values were available, maps were used to roughly
determine these values. For the "0 0 " suffix zip codes, which
were aggregations of errant data, the registrants combined
therein were located at the average location of all registrants
associated with the appropriated three digit prefix.

IV. DIVIDING COUNTIES INTO LOCAL BOARDS

Once many of the above data manipulations were completed,

we were in a position to begin dividing the zip codes into
local boards for those counties with more than one local board.
Our guidelines for this activity were fairly simple: within
each county, the boards should each (1) contain roughly the
same number of registrants, (2) have no more than 1500
registrants per year group, and (3) be geographically compact.
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While we could theoretically have used some kind of automated
cluster analysis procedure for creating these groupings, we
began creating boards directly on the computer, retaining the
hope that some fairly obvious algorithms would surface which
could be automated to produce at least an initial assignment
for each board.

The Equipment Used

This work was performed on SAI's Hewlett-Packard 1000
mini-computer system, utilizinq custom designed software based
on the system's graphics package. This system is small enough
to fit rather comfortably in a normal office, and provides a
variety of capabilities above and beyond the specific
application being addressed here.

vye began the development of board boundaries by displaying
tne number of registrants at each location on the graphics
display, as srown in the accompanying picture. In each case,
the number of local boards to be created was already
determined, and an average number of registrants per board was
calculated to provide a guideline in board creation. The
program then requested that the operator define the first
board. This was done by moving the graphics cursor into the
neighborhood of the zip codes to be chosen; the machine then
placed the cursor on each point in that neighborhood, asking
whether it was to be included in this board. If it was to be
included, the point was removed from the screen, and the
cumulative number of registrants in this board was displayed.
Once the first board was completely defined, the computer
prompted for input of the second board, and so forth. The
program recognized when the final board was reached, ana
combined all of the remaining points into the that board. At
this point, the assignments made could then be stored, plotted,
or modified at the operator's discretion.

Once the board assignments were determined for each
county, a county portfolio was prepared. This portfolio
included a list of zip codes for each board showing the name of
each zip code, the number of registrants born in 1960 and 1961,
and the racial and ethnic composition of the people living
within that zip code. The registrant and racial and ethnic
data were also summed and averaged for each local board. The
portfolio also includes two maps of the county drawn on SAI s
eight color plotter. The first map shows the number of 1961
birth-year registrants for each zip code, and colors these
numbers corresponding to their local board assignment. The
second map essentially replicates the first, but shows the last
four digits of the corresponding zip code instead of the number
of registrants.

The importance of this procedure becomes clear when one
realizes how quickly the process was performed. While
Selective Service had assumed that boundaries could be
established for local boards in about six states over
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,raft Boards for 'AIRFAX, FAIRFAX CITY, ETC., VIRGINIA

LOCAL BOARD NO. 36

REGISTRANTS RACIAL DATA FORNZIP 1960 1961 NAME BLCK OTHR SPAN BORN2 2O1 -8; -- 6 F-ALLS CHURCH--BAILEYS CROS 9% 1% 5% 20122042 215 213 FALLS CHU RCH--MOSBY 3% 1% 3% 13%22043 179 187 FALLS CHURCH--PIMMIT 3% 1% 2% 12%22044 79 60 FALLS CHURCH--SEVEN CORNER 2% 1% 6% 20%22046 119 97 FALLS CHURCH 6% 1% 3% 13%2 22101 314 296 MCLEAN--MC LEAN 1% 1% 3% 18%22102 89 89 MCLEAN 3% 1% 3% 16%

1079 1038 4% 1% 3% 16%

LOCAL BOARD NO. 37

I REGISTRANTS RACIAL DATA FORN2 ZIP 1960 1961 NAME BLCK OTHR SPAN BORN

22020 52 62 CENTREVILLE 2% 1% 3% 14%22024 27 31 CLIFTON 0% 0% 0% 4%22030 393 385 FAIRFAX 3% 0% 2% 9%
22031 166 147 FAIRFAX 1% 1% 2% 14%22032 202 269 FAIRFAX 2% 0% 2% 11%22033 32 40 FAIRFAX
22034 1 2
22039 46 53 FAIRFAX STATION 10% 0% 1% 8%
22100 10 13

10 942 1012 2% 0% 2% 11%

LOCAL BOARD NO. 38

REGISTRANTS RACIAL DATA FORNZIP 1960 1961 NAME BLCK OTHR SPAN BORN
212'60 -- 2 16 FORT BELVOIR 15% 3% 1-5% -7T22079 65 78 LORTON 62% 1% 1% 4%22121 0 2 MOUNT VERNON 21% 0% 2% 9%* 22122 2 5 NEWINGTON 4% 0% 1% 5%22300 9 9. 22303 77 73 ALEXANDRIA--JEFFERSON MANO 1% 1% 2% 11%22306 186 160 ALEXANDRIA--COMMUNITY 5% 1% 2% 12%22307 81 91 ALEXANDRIA--BELLE VIEW 4% 1% 3% 13%22308 159 170 ALEXANDRIA--WELLINGTON 4% 1% 2% 12%22309 225 230 ALEXANDRIA--ENGLESIDE 1% 1% 4% 13%22310 248 249 ALEXANDRIA--FRANCONIA 1% 1% 1% 10%22312 128 132 AL EXANDRI A--LI NCOLN I A 2% 1% 4% 15%

12 1192 1215 6% 1% 3% 12%
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I l at [,Jrd i or Al l-FAX, 'AIRkFAX CITY, ETC., VIRGINIA

S i ,uAL BOARU N( 39

,Cl I STRANTS RACIAL DATA FORN
/ P 196u 1961 NAME BLCK OTHR SPAN BORN

2-b-3 U G --4n ANNANDALE 1% 1%
220 15 123 159 BURKE 1% 0% 2% 10%
2150 175 187 SPRINGFIELD 0% 1% 2% 13%
22151 196 196 SPR ,GFIELD--NORTH SPRINGF 0% 0% 1% 10%
22152 248 251 SPIAfNGFIELD--vEST SPRINGFI 1% 1% 1% 14%
':2153 95 108 SP! !NGFlELD--WEST SPRINGFI 3% 0% 2% 6%

6 1117 1370 1% 1% 2% 12%

Lt<CAL bUARD NO. 51

REG I STR ANTS RACIAL DATA FORN
ZIP 1960 1961 NAME BLCK OTHR SPAN BORN
._ -- [ 55 CHANTI LLY -- -0% i-% 7%

7 9 DUNN LORING 1% 0% 1% 13%
6 6 80 8* GREAT FALLS--COLVIN RUN MI 5% 1% 2% 15%

.070 119 102 HERNDON 3% 0% 0% 7%
22011 14 19 HERNDON 2% 0% 1% 6%
22090 81 81 BETANA PARK--LAKE ANNE 6% 1% 2% 15%
22091 145 154 HERNDON--RESTON AREA 2 5% 1% 2% 13%
22124 69 89 OAKTON 4% 1% 1% 10%
22180 471 542 VIENNA 3% 1% 2% 12%

9 1050 1137 4% 1% 2% 11%
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approximately a four month period, an initial set of
assignments on the computer required less than a month for the
entire country after the initial data preparations. By the
time of the Selective Service conference in April, 1981, we
were able to make not only the initial assignments, but were
also able to run two separate sets of updates and modifications
based upon reviews of our early work.

Modifying the Assignments

Over the course of our work, almost every set of
assignments received some form of modification. Most of these
changes were due to data problems, as discussed above. The
software in the program was designed to facilitate these
changes in a variety of ways. If only one or two zip codes
needed to be changed, the boards involved were simply called
onto the screen and the cursor was placed onto the zip codes to
be shifted from one board to the other. If a county change was
also required, the board change could also be made directly to
the data base. In some cases, though, it was easiest to redraw
the board boundaries within a county or area.

*The flexibility with which changes can be made is one of
the most important aspects of this system. Because some zip
codes are changing continually and registration is an ongoing
process, the board assignments are subject to constant review
and change. The ability of the computer programs to make such
changes easily will make it possible for the board assignments
to be reflective of the underlying population from now on.

V. LESSONS LEARNED

Perhaps the most important lesson learned from this
project was the ease with which board assignments could be made
using this procedure. In all, about 1,000 draft boards were
created from multi-board counties, involving the assignment of
about 20,000 individual zip codes to these boards, and yet the
initial assignments required less than one man-month.
Moreover, most of these assignments were made by individuals
who were neither computer programmers nor experts in the area,
but the interactive program was sufficiently user oriented to
make the tasks relatively simple, allowing the user to feel
comfortable about their work. Little training time was
required to learn these procedures. Modifications to the
initial assignments were performed using essentially the same
procedures as the initial assignments, and were also easily
learned and applied.

As part of this process, the results of the initial
assignments were reviewed by people familiar with each area.
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Most of the changes they suggested had to do with errors in the
initial data (such as wrong county assignments or improper
latitude and longitudes). Only in a few cases did their
detailed knowledge of the local area lead to preferred board
assignments significantly different from those prepared on the
computer. Given that the computer did not contain information
on roads, mountains, rivers, and other determinants of the
actual distance between two points, this degree of agreement
was reassuring.

Throughout this entire activity, the decision rules being
used by each person were reviewed in order to determine whether
or not an initial automated assignment might be feasible. It
was our conclusion that such a procedure would have to be very
complicated because of the variations in geography and board
requirements observed, and the output would, in any case,
probably require fairly significant changes on the computer
screen before the quality of the man-machine interaction could
be duplicated. Thus, while some form of automated assignment
probably could have been developed as a front-end to this
process, it was our view that such a system would be very
costly (both in terms of development and in terms of running
costs) with relatively little benefit, and therefore any notion
of developing such a procedure was discarded.

As the project progressed, we became aware of the fact
that the individuals doing the assignments on the computer were
learning a large amount about the areas with which they were
dealing. They were able to recall many of the place names and
general geographic layout of specific areas even though they
had only spent a few minutes working with them. This
observation suggests the value of having actual decision-makers
make such assignments: the procedure is easy to learn and in
the process they discover information about their area which
they probably would not have otherwise known. In this sense,
the computer gives a concrete, often unique picture of an area
which can add to the perspective an individual has about the
place being examined.

Perhaps the one weak aspect of our entire procedure was in
not spending enough time training the reviewers individually to
read and assess the materials that they were given. Initially,
the reviewers were instructed in a group session without the
materials in their possession. In almost all cases, someone
familiar with materials then had to spend some time with each
reviewer, walking through a single example based upon an area
with which he/she was familiar. The entire process had become
so simple and transparent to us that we underestimated theability of people completely unfamiliar with this approach to

appreciate what had been done. But once we had spent a few
minutes walking through a single example, almost all reviewers
found the materials understandable and quite useful.
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VI. SUMMARY

Due to close cooperation between Selective Service and our
". contractor, Science Apllications, Incorporated, we were able to

develop boundaries for the local draft boards throughout the
United States in an extremely powerful way. The computer
graphics procedure in combination with the use of zip codes
allowed us to meet the legal requirements for local boards much
more easily than our previous system, and allowed us to perform
this process in less than one-tenth of the time that it would
have otherwise taken. The products of this system capture in
interesting and useful ways information about the registrants
that we had been unable to obtain before. By extension, these
same procedures could easily be applied to a variety of
boundary and assignment type problems, both in simplifying them
and in providing much quicker solutions.
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AAD P001360
Olson, Darlene M., US Office of Personnel Management, Washington, DC.

(Wed. P.M.)

Biographical Correlates of a Cognitive Abilities Test for Firefighter
Selection

This paper describes the results of biodata information collected
with a 72 item biographical inventory, that was developed and admin-
istered to 476 firefighter applicants in the District of Columbia.
Biograpical questions were developed from existing item pools and on
the basis of rational relationships between proposed questions and
successful job performance. The content of the questions addressed
prior experiential activities, education, and interests of applicants.
Since the long range validity of biodata is inconsistent and relatively
little information is known about the adverse impact of biographical
inventories, the data results are analyzed by race and responses to
biodata questions are correlated with scores on a cognitive abilities
battery. In addition, the intercorrelations of biographical variables
were examined to determine whether a specific firefighter profile
existed. Preliminary data results indicate that some biodata ques-
tions, such as education level, general job security, and the attrac-
tiveness of firefighter pay are stable across racial groups, while
others such as experience in firefighting work, number of friends who
are firefighters, and characteristics of the firefighter job like
irregular shifts and working dangerous emergency conditions, showed
large discrepancies between Black and White applicants.
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Biographical Correlates of a Cognitive Abilities Battery

Darlene M. Olson

U.S. Office of Personnel Management
Personnel Research and Development Center

This paper describes the results of the biographical information
derived from a biodata questionnaire administered to 447 applicants for
entry-level firefighter positions in a large metropolitan area. This
information was collected to document the characteristics of the fire-
fighter applicant sample, investigate the validity of biodata items as
predictors and study the level of adverse impact of an empirically
keyed biographical questionnaire (BQ).

Rationale for the Development of a Biographical Questionnaire

In a comprehensive test development project conducted by Payne and
van Rijn (1978) for the selection of entry-level firefighters a complex
group of knowledges, skills, and abilities (KSAOs) was identified by a
thorough task analysis of the job. When the job tasks were linked to the
critical KSAOs by a panel of subject matter experts (SMEs), a group of
cognitive, physical and affective abilities was identified. Some of the
affective KSAOs judged to be important for the firefighter job were:
1) interest in working with people, 2) willingness to risk injury/death,
3) willingness to work rotating shifts, 4) interest in working with
equipment, and 5) ability to work in high places and confined spaces.

Since the written Firefighter Selection Test (FST) assessed the
cognitive abilities required to effectively perform the firefighter job,
this experimental research was initiated to study whether an alternative
selection instrument (BQ) could measure some of the affective components
of this job. The biographical questionnaire format was chosen, because
of its consistently high validity with a diverse group of criteria (Owens,
1971; Hsu, Darany & Nettles, 1978; and van Rijn, 1980).

Description of the Entry-Level Firefighter Applicant Sample. A total of
942 applicants took the entry-level FST, which was a cognitive abilities
battery. Of the 942 applicants, 705 (74.84%) were Black, 200 (21.23%)
were White, 12 (1.27%) were "Other" races and 25 (2.65%) did not respond to
the race question. A breakdown of the total applicant sample by sex group
indicates that 886 (94.1%) were male, 52 (5.5%) were female, and 4 (.4%)
did not respond to the question.

As an experimental component of the FST administration approximately
half of the applicants were randomly given a BQ and the remainder took a
self-assessment instrument. A total of 447 applicants responded to the BQ.
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Table 1 shows that the applicant sample, who took the BQ, consisted of 356
(79.6%) Blacks and 91 (20.4%) Whites. In the total BQ sample four Blacks and
one White identified their national origin as Hispanic. The sex group composi-
tion of the total BQ sample was comprised of 95% males and 5% females.
Table 1 demonstrates a comparable finding when race by sex group interactions
are examined. For example, 94% of the Black and 99% of the White BQ samples
are male. Consequently, the small numbers of females in the sample precluded
meaningful comparisons of sex group differences.

Although Table 1 indicates that Black and White applicants had very similar
profiles in terms of level of education, more Blacks tended to reside in the
large metropolitan area to be served than Whites. In terms of the entry-level
FST, Table 1 shows that there were statistically significant differences
between the White and Black subgroups on all subtests of the selection instrument.

Development of the Biographical Questionnaire

A total of 72 items were written or modified from the Catalog of Life His-
tory Items (Owens, Glennon, & Albright, 1966) and in accordance with the
previously discussed results of the firefighter task analysis. Items were related
to such areas as education, interests, hobbies, and work climate variables.
Effort was expended to ask job-related questions and to eliminate any items
that might be culturally biased, an invasion of privacy, or not legally justifi-
able for selection (e.g, marital status or religious preference). The items
were both hard, which means they could be factually verified, and soft, which
means they were more subjective and self-descriptive.

A scoring key for the BQ was developed utilizing the method described by
England (1971). In accordF -e with this procedure, the 447 applicants were
randomly assigned to two groups, a key developmental group with approximately

* two thirds of the sample (N= 298) and a hold-out group for the subsequent
cross-validation, which contained approximately one third of the sample (N=149).
A criterion measure, the FST predictor test, was used to divide the key dev-
elopmental group into high and low performance groups. Each of these groups
based on performance on the FST, included about 33% (N= 98) of the key develop-
mental group.

In the key developmental group an analysis of the responses provided by the
high and low performance groups to the 72 item BQ was conducted. Weights of 0, 1,
or 2 wre assigned to item alternatives on the basis of the percentage differences
between the selection of each response by the two performance (high/low) groups.
In order to assign the weights appropriately, "Strong's Tables of Net Weights
for Differences in Percents" and the "Table of Assigned Weights Derived from the
Net Weights" explained in England (1971) was followed. Results of the weighting
procedure found that of the 72 total BQ items, 12 showed significant differences
between the high and low performance groups. The BQs for applicants in the key
developmental and hold-out groups were scored using the weights previously
assigned to the 12 items, which differentiated the high from low performers on

* the criterion. Once a total score based on the differentiating items was computed,
this score was correlated with the FST criterion. The correlation of the BQ total
score for the devlopmental group with the FST was . 56 and .49 for the cross-
validation sample. Both of these correlations were significant at the p < .01
level. Hence, the BO as presently empirically keyed appears to be a valid
predictor of scores on the FST, a cognitive criterion.

901



Results of the Data Analysis

Comparisons of Black and White Firefighter Applicant Profiles. The beginning
of the BQ contained additional items designed to solicit information about
the characteristics of individuals who apply to become firefighters. This
infomation could help to determine for instance, to what extent persons
who are familiar with the firefighter job, studied specific subjects in
high school or worked a certain number of hours while in school, perform
better on the FST, receive higher ratings on training school criteria and
hence have a higher probability of becoming better firefighters. Table 2
shows the distributions of responses for the total biodata developmental

' group (distributions are comparable for total biodata sample and cross-
validation group) and for Black and White subgroups separately on these
variables. The asterisks in the "Total" column indicate the variables
for which significant Black-White differences were found. For example,
more Blacks tended to think-about firefighting and, decide to become fire-
fighters after the 12th. grade than Whites. In addition, Blacks tended
Ato have less volunteer/paid experience as firefighterp and knew less friends/
relatives who were firefighters than Whites. While in high school Blacks
participated less in clubs/organizutions and didless part-time work
than Whites.i .9

In order to examine Black-White differences on BQ items that related
to recreation, hobbies, interestv and work climate, Table 3 was constructed.
Statistically significant results from this data indicate that Whites tended
to perform landscaping, carpentry and plumbing activities more often than
Blacks. With respect to recreation activities, Blacks participated in
individual/team sports, and coached/officiated sports, events more often
than Whites. Also Blacks tended to participate more often than Whites
in such activities as cooking, volunteering (school, hotline, Big Brother)
and attending cditural activities (plays/concerts). The work climate variables
shown in Table 3 demonstrate that many of the attributes of the firefighter
job such as doing physical work in dangerous emergency situations and
'the performance of duties in high, dark and confined places were rated as
more attractive by Whites than Blacks.

Intercorrelations of Selected Background Variables: Table 4 depicts the
intercorrelations among dtsignated "work attra tiveness" biodata variables.
Although the majority of the biodat4 items diy not intercorrelate, some
of the more significant work climate correlations are: a) job security
correlates highest with pay (.64), b) working closely with people is
related to a willingness to serve the community (.77) and the opportunity
to learn new things (.75), and c) although the challenge of dangerous
work was related to a willingness to work under emergency conditions (.74),
in high places (.64), dark/smokey places (.50), and confined (.52) places;
willingness to risk injury/death (.29) was not as strongly related to
challenges in the firefighter j&).

9
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Biodata Variables as Predictors. Table 5 shows the correlations between
selected BQ variables and the FST criterion. Race, education, exposure to/
and knowledge of the firefighter job, opportunity to serve the community,
and work with people and equipment are significantly (p<.01) related to
total test performance. A negative relationship between performance on the
FST and residence (-.42), high school rank (-.21) and participation in
volunteer activities (ranged from -.12 to -.22) was four0:. These observed
intercorrelations among previously delineated variables and total FST score
were also consistently observed across the six subtests of the criterion.

Table 5 also documents two interesting findings. First, the kinds
of high school subjects studied and reading, which are both primarily
cognitive activities, did not correlate with the cognitive criterion.
Second, some job-related variables like risks, shifts, heights, dark and
closets are not related to performance on the FST, even though they
would have a high probability of correlating with job proficiency measures.
From these results it appears that a major weakness of this research
is the totally cognitive nature of the criterion.

Adverse Impact Estimates for the Scored Biographical Questionnaire. Adverse
impact refers to a disparity in the rates with which minority or wmen
applicants are selected for employment. In general, a selection rate for any
racial group which is less than four-fifths (80%) of the rate for the
group with the highest selection rate is evidence of adverse impact.
Table 6 shows the potential adverse impact against Black applicants if the
passing point (cut score) for the scored BQ was set at the mean score
for the developmental group on the BQ, and if the cut score was set one
standard deviation below the average BQ score. It is apparent from the
data in Table 6 that a cut score at the mean (X= 10) of the developmental
group on the scored BQ results in adverse impact for Blacks. When the
cut score is lowered one standard deviation adverse impact is diminished,
but not eliminated.

Summary

Although some biodata variables were very stable across racial groups
of entry-level firefighter applicants, others showed large discrepancies
between White and Black samples. Major conclusions about the race differences
in the biodata analysis suggest that Black applicants knew less about the
firefighter occupation, had less firefighting experience and decided to pursue
a career in firefighting much later than Whites. Perhaps racial group differences
in applicant firefighters could be reduced if outreach programs, that provided
career information on the fire service, were targeted toward minority groups.
In addition, research has shown that specific BQ items with large amounts of
adverse impact can be deleted from the BQ to eliminate the observed Black-
White differences in the BQ score. However, since the BQ is empirically keyed
in terms of items that differentiate high vs. low performers on the criterion,
removal of even a small number of items could have a substantial negative
impact on validity.
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Although biodata has been shown to have substantial validity against
a broad spectrum of criteria, the BQ has been criticized for being situation-

,. specific and for being incapable of generalizing to other occupations or pop-
ulations. Results of this particular research have shown that it is possible

*. to apply an empirical scoring methodology to a BQ and cross-validate the scoring
key on a comparable hold-out group. Although this BQ was a valid predictor

*of performance on the FST, a cognitive criterion, it should be emphasized
that this BQ is valid only for that criterion. Whether this BQ could
effectively predict other job performance criteria like tenure, training school
scores or supervisory ratings has not been investigated.

Besides validity and adverse impact considerations in the use of the
BQ in selection, there are several other concerns that warrant attention prior
to its development and use. In the public sector it is important that items
be job-related and not invade the privacy of applicants. Often, however,
items that are not especially job-related are strong predictors of job per-
formance criteria. Another concern which is closely related to the requirement
that BQ questions have face validity, is the issue of fakability. When BQ
items make obvious inquiries about job characteristics or personal motivations,
there is some possibility that applicants will respond in a socially desirable
manner to increase their chances of employment. The issue of fakability is
not as great of a concern as some of the previous issues, because the scoring
key for BQs is empirically developed and hence accuracy of biodata information
is not critical.
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Table 1

Comparison of Firefighter Applicants by Race on Selected

Background Variables

Background Total Black White
Variable Sample

Race
Number 447 356 91
Percent 100 79.6 20.4

Hispanic (number) 5 4 1

Resident (percent) 71 88 4

Sex (percent)
Male 95 94 99
Female 5 6 1

Education (percent)
Less than high school 5 5 7
High school graduate/GED 13 13 11
Some college or technical

training after high
school; no degree 4 3 9

Two year degree, diploma 36 37 33
More than two years of

college but no degree 41 41 40
Bachelor's degree or more 1 1 1

FIREFIGHTER SELECTION TEST * Mean S.D. Mean S.D.

Reading Comprehension 47.82 9.52 58.53 6.74
Using Formulas 48.05 9.55 57.62 7.87
Judgment 47.88 9.52 58.29 7.13
Reasoning 48.11 9.59 57.41 7.92
Problem Identification 48.02 9.80 57.74 6.38
Follow Directions 48.22 9.28 56.96 9.71
FST Total (T score) 47.57 9.24 59.50 6.63

• T-scores standardized on total biodata sample with a mean- 50 and S.D. - 10
Note: All Black and White subgroup differences on the FST are significant at
the .01 level.
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Table 2

Description of the Developmental Group Sample (Profle)

Item Percent Percent iercent
Number Variable Total Sample Blacks Whites

6 WORK
Did not work 18 20 8
Worked when not in school 19 21 11
Less than 20 hours week 18 16 23
20 to 29 hours week 31* 29 41
30 to 39 hours week 9 9 8
40 hours or more week 6 6 8

8 THOUGHT FF
Priur to 12th. grade 40 34 66
12th. grade or later 60** 66 34

9 EXPERIENCE FF
None 67** 79 25
Less than one year 11 12 7
One to five years 12 6 31
More than five years 10 3 38

10 FRIENDS/RELATIVES FF
None 30 37 2
One 19 23 3
Two 13 15 7
Three or more 38** 25 89

68 PARTICIPATION IN CLUBS/
ORGANIZATIONS

Do not belong to any 24** 29 8
Not an active member of most 6 6 3
Reliable member, but don't

hold important position 20 19 23
Like to hold office 19 16 32
Have held one elected office 20 20 22
Have held important offices

in most 11 10 12

Note: Percents do not always add to 100 due to rounding. Significance levels
indicated are for the magnitude of the differences between Black-White
subgroups. *= < < .05 **- < .01 FF= firefighting/firefighter
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Table 3

Percentage of the Developmental Group Sample, Whites, and Blacks
Responding Positively to Biographical Questions

Item Percent Percent Percent
Number Variable Total Dev. Group Blacks Whites

PERFORMANCE OF ACTIVITIES

14. Plumbing 41* 38 52
17. Carpentry 57** 53 74
21. Landscape 47** 42 66

PARTICIPATION IN RECREATION

25. Play Musical Instrument 47* 51 33
29. Team Sports 89* 91 82
30. Coaching/Officiating 41* 46 21
31. Individual Sports 83** 87 66
39. Cook 93** 96 82
40. Attend Plays/Concerts/Movies 88* 90 80

VOLUNTEER ACTIVITIES

42. Coach Youth Sports 34** 40 13
44. Theater/Music Group 25** 30 5
46. Big Brother/Big Sister 17* 19 7
48. Counseling/Hotline 15* 17 5
49. School Volunteer 24** 28 8

ATTRACTIVENESS OF LISTED

ASPECTS OF WORK

53. Work with People 90* 88 97

61. Physical Work 81* 79 85
63. Dangerous Situations 65** 62 83
64. Emergencies 68** 64 84

65. Heights 44* 44 56
66. Dark 34** 31 47
67. Closets 30** 26 42

Note: Positive responses to items were considered to be those ratings that were

"Somewhat Attractive" and "Extremely Attractive". Discrepancies in the data are
due to rounding and differences in the number of applicants responding to each
question. * < .05 and ** < .01 for Black-White subgroup differences.
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Table 5

Intercorrelations of Selected Biodata Variables and Part and Total FST Scores
for the Developmental Group

Biodata FST TEST SCORES
. Variables

-RC UF J LS PI OD Total

. Race 41 39 42 37 39 35 47
Residence -35 -33 -37 -32 -39 -31 -42
Education 19 25 23 15* 22 19 25
Subjects 1) 0 0 0 0 0 0 0
Rank -14* -15* -17 -18 -15* -25 -21
High School Size 15* 0 17 0 19 0 16
Thought FF 2) 0 0 0 0 0 0 0* Experience FF 26 23 25 27 24 24 30
Friends FF 27 26 32 29 27 31 35
Physical Exercise 27 29 23 29 23 25 30Home Repair 14* 0 16 0 0 0 13*
Paint 21 22 22 23 24 18 27
Carpenter 16 0 24 15* 20 12* 21
Landscape 12* 0 13* 14* 20 0 17
Car Repair 18 15* 24 0 24 0 21
Coach -18 0 -15 0 -18 0 -16
Relax Socially 0 0 0 11* 17 0 14*
Read 1) 0 -0 0 0 0 0 0
Radio 0 12* 0 0 14* 0 12*
Volunteer Theater 0 -14* 0 0 -13* 0 -12*Volunteer Big Brother -17 0 0 0 -15* 0 -15*
Volunteer Hotline -14* 0 -13* 0 -16 0 -16
Volunteer School -20 -18 -19 -16 -22 0 -22
Security 14* 16 20 12* 15* 17 19• Pay 0 0 0 13* 0 0 12*
Serve 24 20 20 20 22 14* 24
People 23 22 21 20 21 16 25
Equipment 19 19 20 18 17 14 21
Prestige 31 22 28 19 24 15* 29
Risk 2) 0 0 0 0 -17 0 0
Shifts 2) 0 0 0 0 0 0 0
Opportunity 21 22 18 23 20 20 25
Physical Work 16 16 0 16 0 14* 15
Responsibility 20 14* 15* 15* 15* 0 18
Dangers 17 13* 18 12* 15* 0 18_ Emergencies 16 13* 16 14* 0 15* 17
Heights 2) 0 0 0 0 0 0 0
Dark 2) 12* 0 0 0 0 0 0
Closets 2) 0 0 0 0 0 0 0• Participation 26 23 27 27 25 25 31

* Correlations significant at .05 level; all other correlations except for zeros
are highly significant at .01 level.

1)- Biodata variables that have a cognitive component.
2)- Biodata variables that are job-related but did not correlate with the criterion.
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O'Mara, Francis E., US Army Research Institute for the Behavioral and

Social Sciences, Alexandria, Virginia. (Wed. A.M.)

Battalion Effectiveness and Command Climate

It has long been known that effective Army units have high morale

and favorable command climates. What has not been known, however, and
what has remained a matter of debate, is how this comes about. Does

command climate contribute to unit effectiveness or is unit effective-

ness a necessary antecedent to a favorable command climate? Or, are
command climate and unit effectiveness concurrent products of some

third organizational attribute, such as the characteristics of the unit

commander. The Command Climate Project was begun in February, 1978 to
address these questions. Specifically, this research was aimed at

defining the causal dynamics between command climate and morale on the

one hand and battalion effectiveness on the other.

However, before command climate, or anything could be related to

unit effectiveness, the Army had to understand how to define and

measure this effectivenss. Thus a necessary prerequisite for examining

the climate-effectiveness relationship was the measurement of unit

effectiveness.

Approximately 55 battalions located at six CONUS installations were

studied over two years (some measures beyond three years). At each of

four waves (May and November of 1978 and of 1979), three types of data

were collected on each test battalion: (1) Unit Performance/Readiness;
(2) Command Climate Survey Measures; (3) Interviews with Senior

Commanders.

Analysis of the results and implications for the assessment and

diagnosis of unit effectiveness is presented and diagnosed.
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THE MEASUREMENT OF ARMY BATTALION PERFORMANCE

Francis E. O'Mara

Advanced Technology Incorporated
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One the most central but most perplexing issues in the
study of organizations in general, and the study of military

* organizations in particular, is that of defining valid criteria
of organizational effectiveness. This is a central issue inas-
much as any theory of organizational functioning must be vali-
dated by its successful prediction of organizational performance.
Obviously, the strength of such a validation rests on the degree
to which organizational performance is precisely yet comprehen-
sively defined and measured. In this way, the quality of the
theoretical and operational definition of organizational effec-
tiveness defines the upward limit of the growth of organizational
and military psychology.

In light of the importance of this issue, it is not surpris-
ing that a voluminous literature has developed around it. As far

-" back as 1959, over 370 references could be cited as relevant to
organizational effectiveness (Wasserman, 1959). In the inter-

-. vening years, this literature has swelled further to impressive
proportions (Goodman and Pennings, 1979). In an attempt to inte-
grate this literature, Campbell, Bownas, Peterson, and Dunnette
(1974), have identified two major approaches to this issue. The
first of these, the Goal Model, assumes that there are clearly
specified short and/or long-term goals for an organization. The
assessment of organizational effectiveness then requires a deter-
mination of the organization's specific goal or mission, followed
by the development of measures which reflect the degree to which
these goals are met. Familiar examples of this approach would
include cost/benefit analysis and a management-by-objectives
approach to organizational effectiveness. The System Model
approach, on the other hand, proceeds on the assumption that the
goals of any sizable organization are so numerous, complex and
dynamic that it is not possible to clearly define a small number
of unambiguous, stable, and measurable goals. Rather, the best
index of an organization's effectiveness is its general "health"
(i.e., the ability of the organization to sustain its capabili-
ties and operations without exhausting resources). "Good health"
permits it to continually accomplish its goals, regardless of the
nature of these goals or how they may change. Through this
model, the assessment of organizational effectiveness does not
proceed through a determination of goal attainment but rather
through the direct measurement of the organization's "health."
Thus, those subscribing to the Systems Model have emphasized
organizational processes rather than organizational outcomes.

While this dichotomization of approaches has done much to
provide coherence to a burgeoning literature, when it is applied
to a military environment it can be seen that both models are
simultaneously employed. The overall peacetime goal of Army
units is to maintain their readiness to engage successfully in
combat operations. In this way, the criterion of organizational
effectiveness is singular and defined. Organizational
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effectiveness is simply the extent to which the military unit
maintains conditions which support its maximum performance in
combat (e.g., equipment levels, equipment readiness, or the
competence of unit personnel in their combat duties). In line
with the Goal Model the Army devotes considerable resoures in
monitoring such conditions and reporting their status through the
Unit Status Report [USR1.

The singular unit objective of combat readiness, however,
when operationalized on a day-to-day basis, is transformed into a
broad spectrum of taskings and requirements. In this way the
sense of an orderly and integrated composite of clearly speci-
fied, prioritized and unchanging objectives breaks down at the
unit level to a condition in which a multitude of often conflict-
ing demands are placed upon the unit. Further, the unit must
meet these demands in the fact of shifting priorities and with
changing resource levels. In this environment, the unit's flexi-
bility and capability to quickly respond to a wide variety of
short-term objectives becomes a truer indication of its effec-
tiveness. A Systems Model approach would therefore be more
appropriate to assess the unit's generalized capability of meet-
ing indeterminate objectives. Many measures of unit effective-
ness employed by the Army today are congruent with the Systems

Model approach. Most of these measures fall into the category of
measures usually referred to as "Command Indicators" or "Tradi-
tional Indicators," e.g., rates of Absence Without Leave [AWOL],
reenlistments, or courts-martial. These measures have been tra-
ditionally emphasized in the military because it is felt that
they reflect the state of morale and discipline in the unit which
in turn are thought to support the unit's general capabilities.

Thus, both models of organizational effectiveness are
employed currently by the Army. The Goal Model is used in evalu-
ating the accomplishing of the long-term goal of combat readiness
while the unit's capability to meet varying day-to-day objectives
is indirectly assessed through a Systems Model approach. In
terms of contemporary models of oraganizational effectivensess
then, the approach currently used to assess Army unit effective-
ness is one which is quite complete.

The literature is far less supportive of the validity of the
Army approach to unit effectiveness assessment. Many questions
have been raised regarding the empirical adequacy of current Army
unit effectiveness assessment procedures, particularly with

regard to those involved with USR (Robinson, 1980; Ross, et. al.,
1979; Sorley, 1979; Sorley, 1980; U.S. Army Concepts Analysis
Agency, 1975; U.S. Army War College, 1976). The magnitude of the
deficiencies identified with the USR can be best summarized in
one of the many findings of the Army War College (1976) study on
unit effectiveness reporting. Of the approximately 2,100 Army
personnel surveyed as a part of this study a full 70 percent
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reported that the Unit Status Report does not reflect the true
readiness condition of a unit. The particular deficiencies in
this system which had been advanced to explain its lack of mani-
fest validity have included: (1) the subjectivity of measures--
it is felt that there is a substantial degree of latitude for
subjective interpretation of unit conditions that it is permitted
in filling out the USR. For example, the estimate of training
readiness, one of the major components of unit readiness measured
on USR, is based upon the unit commander's estimate of the number
of weeks of training the unit would need to be fully ready for
combat. It is felt that in light of the pressures on commanders
to maintain their units at maximum readiness, this unstubstantia-
ted estimate is likely to be overly optimistic, (2) statistics
management--evidence was found in the War College study to sug-
gest considerable pressure being placed upon unit personnel to
have the units portray a maximally positive readiness condition
on the USR even to the extent of overlooking genuine unit defi-
ciencies, (3) standards--it has been stated that the standards
employed for determining readiness on the USR are either too lax
(Sorley, 1979), too strict (U.S. Army War College, 1976), or
inconsistent across branches of the Armed Forces (US Army War
College, 1976), (4) complexity of procedures--the USR has been
criticized as entailing complex procedures that are not always
explained fully or well in the supporting regulations. Accord-
ingly, there is a higher probability of errors being made in
reporting unit readiness.

In addition to the measures reported on the USR, other fac-
tors employed in assessing unit effectiveness, particularly the
command indicators, have been subjected to scrutiny and criti-
cism. Unlike the USR measures, these indices are not systemati-
cally reported to the higher echelons of the Army command struc-
ture. However, unit measures on these variables are used quite
frequently at the local leveal as indicants of unit conditions and
problems. Sorley (1979) has been critical of the use of such
measures inasmuch as he sees them leading to a "management by
statistics" in which those factors, which are more readily quan-
tifiable, are given greater command emphasis than those which
more substantively support and reflect unit effectiveness but
which are less readily measured. Too often, he feels, command
attention is expended on "getting the numbers right" in such
areas of questionable military value as motor vehicle accidents
or letters of indebtedness among unit personnel at the expense of
diverting command attention from such areas as unit training and
equipment maintenance. The position underlying his assertions is
that statistical indices of unit operations, particularly those
relevant to the personnel area, are of questionable utility in
assessing areas pertinent to unit effectiveness. Clearly, some
of these statistical measures are more germane to unit effective-
ness than are others. What is needed is an empirical
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determination of the relative value of each of these measures for
assessing unit effectiveness. In the absence of this, it is left
to individual opinion as to which of the wide variety of possi-
ble measures are true indicants of unit capability. Such a con-
dition can only lead to a proliferation of measures on which

..units are assessed and judged but which are of little or no value
- as true measures of unit effectiveness.

The purpose of this research is to examine the validity of
the most commonly employed measures of Army unit effectiveness.
To accomplish this, the interrelationship among variables that
purport to measure the same organizational construct (e.g., com-
bat readiness, morale) will be examined to determine the concur-
rent validity of these measures.

METHODS

SAMPLE

Measures of unit effectiveness were taken from a sample of
71 battalions located in USAREUR and CONUS. These battalions
constituted a representative sample of Combat Arms, Combat Sup-
port, and Combat Service Support battalions.

Measures

The measures of unit effectiveness which were employed in
this research fell into three major categories: Direct Readiness
measures, Command Indicators, and Personal Judgements. The spe-
cific measures used in the first two categories are displayed in
Figure 1 and Figure 2, respectively. The Personal Judgements
measures consisted of estimates of battalion effectiveness by the
Division Commander, the Assistant Division Commander, and the
Brigade Commander above the battalion in the chain of command and
of the service members, Non-Commissioned Officers [NCOs], and
officers within each of the battalions. The judgements of the
Division Commander, Assistant Division Commander, and Brigade
Commander were collected in the course of an inte-view with each
of these individuals. In the course of these interviews these
commanders were asked to assess the effectiveness of each of the
sample battalions using a 13-point rating and also to rank each
battalion relative to the other battalions in the rater's com-
mand. The rating and the ranking were each converted to standard
scores and then combined into a single battalion effectiveness
score for that rater. Estimates of battalion effectiveness were
collected from service members, NCOs, and officers within each of
the battalions in the course of a survey administered to unit
personnel. Responses to each of three items regarding overall
battalion effectiveness were averaged for each individual. These
scores were then aggregated to produce an average SM, an average
NCO, and an average officer estimate of battalion effectiveness
for each of the battalions.
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OVERALL READINESS A battalion's overall readiness

status as reported in the monthly

Unit Status Report.

PERSONNEL READINESS A battalion's personnel readiness

status as reported in the monthly
Unit Status Report.

EQUIPMENT ON HAND An index of the degree to which a

battalion possesses all authorized
equipment, a reflection of the
battalion's supply system.

" EQUIPMENT SERVICEABILITY The maintenance status of a bat-
talion's equipment, a reflection
of the battalion's maintenance
system.

EQUIPMENT ON HAND RATED RDY The proportion of equipment a
battalion actually has on hand
that is operational.

ARTEP The percentage of the missions/
tasks rated "satisfactory during
a battalion's most recent field
training exercise.

AGI The percentage of the areas rated
"satisfactory" during a battal-
ion's most recent annual general
inspection.

FIGURE I

READINESS MEASURES
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ARTICLES 15 The percentage of enlisted personnel admin-
istered nonjudicial punishment (e.g.,
fines, reductions in grade) during a given
month.

COURTS MARTIAL The percentage of enlisted personnel
receiving a court martial during a given
month.

AWOL The percentage of enlisted personnel who
were involved in unexcused absences during
a given month.

DESERTIONS The percentage of enlisted personnel who
deserted during a given month.

FIRST TERM RE-UP The percentage of a battalion's first-term
reenlistment objective that was achieved
in a given month.

CAREER RE-UP The percentage of a battalion's reenlist-
ment objective for career personnel that
was achieved in a given month.

CRIMES OF VIOLENCE The percentage of a battalion's enlisted
strength involved in crimes of violence
in a given month.

PROPERTY CRIMES The percentage of a battalion's enlisted
strength involved in crimes against prop-
erty in a given month.

DRUG ARRESTS The percentage of a battalion's enlisted
strength arrested for drug and marijuana
violations in a given month.

FIGURE 2

COMMAND INDICATORS
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Procedure

Data were collected in the course of four data waves in May
and November of 1978 and 1979. In Wave 1, Direct Readiness and
Command Indicator data were collected for the preceding five
quarters, while in the subsequent waves these data were collected
only for the intervening time periods. The Personal Judgements
data were collected in the course of interviews and surveys con-
ducted during each data wave.

RESULTS

Pearson correlation coefficients were computed among the
measures constituting each of the three groups. It was antici-
pated that the measures in each of the three groups would be sig-
nificantly intercorrelated inasmuch as the same construct. That
is, Director Readiness measures purportedly reflect direct
assessments of the unit's capability to perform its mission while
Command Indicators assess the degree of morale and discipline in
the unit and the Personal Judgements measures reflect the reputa-
tion of the unit for effective performance.

The correlations among the Direct Readiness measures are
displayed in Table I. As shown, agreement of the USR measures
with ARTEP and AGI results was restricted to USR measures per-
taining to the maintenance status of equipment. In contrast to
this, there was nearly universal agreement among the various USR
measures. This agreement suggests that a substantial component
of the variance of the USR measures in attributable to a general
factor which supports high REDCON ratings in all areas. A possi-
bility exists that this general factor is, at least in part,
attributable to the priority given to the unit in allocating
resources, that is, the unit's position on the Department of the
Army Master Priority List [DAMPLI. This possibility is suggested
by the differences in the significant correlations which the
Equipment Serviceability REDCON rating shares with the other
REDCON ratings in contrast to the lack of significant correla-
tions between the Equipment Readiness measure and these REDCON
ratings. The difference between the Equipment Serviceability
REDCON and the Equipment Readiness measure is that the former
measure reflects the condition of the unit's total allocated
equipment while the latter reflects the condition of the equip-
ment that the unit actually has on hand. Thus, the portion of
variance which the Equipment Serviceability REDCON shares with
the other REDCON ratings reflects the extent to which this meas-ure is influenced by the units being supplied with its required
resources while the variance it shares with the Equipment Readi-

ness measure reflects the degree to which the unit successfully
applies its level of resources to maintaining its equipment.
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TABLE I

MEAN CORRELATIONS AMONG DIRECT READINESS MEASURES
OF BATTALION EFFECTIVENESS

ARTEP AGI CO CPER CEOH CESC CTRN WKS EQRD

ARTEP 1.00

AGI .19 1.00

Overall REDCON2 (CO) .27 .16 1.00

Personnel REDCON (CPER) .13 .06 .69** 1.00

Equipment on Hand
REDCON (CEOH) .02 .04 .48** .11** 1.00

Equipment Serviceability .59** .39** .47** .14** .44** 1.00
REDCON (CESC)

Training REDCON (CTRN) .30 .02 .60** .56** .22** .26** 1.00

Weeks to Readiness (WKS) -.22 .03 .54** .47** .20** .27** .86** 1.00

w Equipment Readiness .54** .40** .32** .04 .03 .74** .12** -.10* 1.00, (EQURD)

p < .05" **p < .01

2A1 REDCON ratings have been scored such that higher
scores indicate greater readiness.
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Therefore, the findings that both Equipment Serviceability REDCON
and the Equipment Readiness measure are correlated with ARTEP and
AGI performance while the other REDCON ratings are not indicate
that it is the unit's ability to make the most of what it has

*,"- which is the common element producing these correlations.

The mean correlations among the Command Indicators measures
are exhibited in Table 2. There was a fair degree of agreement

*! among these measures as 29 of the 55 mean correlations were sig-
nificant. However, with a few exceptions, these significant
means correlations were too small to support the interpretation
of there being a single dimension underlying these measures. If
one were to use a minimum cutoff value of only .20 as a criterion
of practical utility, then only 9 of the 55 correlations would
meet or exceed this value. Of these nine, one (between AWOL rate
and Desertion rate) is preordained by the operational definitions
of these measures, four (AWOL rate, Desertion rate, and Crimes
Against Property rate with rate of Articles 15, and Drug Arrest
rate with Courts-Martial rate) appear to describe linkages
between specific violations of Army regulations and the punish-
ment typically administered in response to team, while the
remaining four mean correlations (between Articles 15 rate and
Adverse Discharge rate, between First-Term Reenlistment rate and
Career Reenlistment rate, and between Crimes Against Property
rate and both Crimes of Violence rate and Drug Arrest rate) con-
stitute agreement among measures tapping into similar functional
ares of unit operation.

Considering the directionality of these significant mean
correlations, it can be seen that the nature of the interrela-
tionships among these variables is even more complex. First-Term
Reenlistment rate, for example, correlates positively with rate

*of Adverse Discharges, Courts-Martial, Drug Arrests, and Career
Reenlistment, yet negatively with rates of AWOLs, Desertions,
Crimes Against Property, and Crimes of Violence. There is, thus,
no simple pattern in which such a "positive" measure at First-
Term Reenlistment rate is positively associated with other "posi-
tive" measures and inversely related to "negative" measures
(e.g., Drug Arrest rate).

* In summary, the correlations shown in Table 2 indicate that
these measures are not alternative measure of a single underlying
construct such as morale or unit effectiveness. Indeed, there

* appears to exist some trade-offs among the facets of unit opera-
tion reflected in these measures, so that high scores on some
negative measures are associated with desirable unit outcomes
(e.g., reenlistments).

The correlations among the Personal Judgments measures of
*battalion effectiveness can be seen in Table 3. In contrast to

the other two groups of measures, there is a substantial degree
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TABLE 3

MEAN CORRELATION AMONG PERSONAL JUDGEMENTS
OF BATTALION EFFECTIVENESS (4 WAVES)

CG ADC BDE OFF NCO SM

External Perceptions

Division Commander (CG) 1.00
Ass't Division Commander (ADC) .64** 1.00
Brigade Commander (BDE) .44** .50** 1.00

Internal Perceptions

Officers (OFF) .34** .28** .35** 1.00
NCOs .10 .10 .33** .55** 1.00
Service Members (SM) .16* .17* .29** .26** .26** 1.00

* p < .05
**p .01
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of correlation among these independent estimates of battalion
effectiveness. The extent of this agreement, however, is a func-

tion of the proximity in the chain of command of the individuals
providing the judgment of effectiveness. Thus, there appears to
be a perspective on battalion effectiveness which varies gradu-
ally across command echelons, such that individuals in intermedi-
ate echelons (i.e., Brigade Commanders, Battalion Officers) par-
tially share the perspective of both those above and those below
them in the chain-of-command while individuals in more extreme
echelons seem to hold widely disparate views regarding what con-
stitutes unit effectiveness.

DISCUSSION

Of all the findings of the present research, that which is
most serious in its consequence is the meager concurrent vali-
dity among the direct measures of unit mission capability, i.e.,
the Direct Readiness measures. The lack of concurrence between
ARTEP and AGI results is somewhat understandable in light of the
different emphases of these two evaluations. That is, ARTEP
exercises strongly emphasizes the tactical proficiency of the
unit while the AGI has a much stronger emphasis on garrison act-
ivities and procedures. Further, there is likely to be a consi-
derable period of time separating a unit's ARTEP from its AGI.
In the present results this time period was permitted to extend
to as much as six months. It is not at all inconceivable that in
the course of the time period separating these two evaluations a
battalion could substantially increase or decrease in its overall
effectiveness.

More troublesome than the lack of agreement between the
ARTEP and AGI results in the rather spotty agreement between
these two measures and those reported on the USR. Here, it was
seen that the Overall REDCON measure--the "bottom line" on the
USR--bore no relationship to battalions' effectiveness as meas-
ured by ARTEPs or AGIs. Further, the Training REDCON, which
should have been the REDCON most closely aligned with performance
on an ARTEP, a training evaluation, was not at all associated
with it. These findings serve to support earlier criticisms of
the USR (Robinson, 1980, Ross, et. al., 1979; U.S. Army Concepts
Analysis Agency, 1975; U.S. Army War College, 1976; Sorely,
1979). However, the present findings suggest that to the degree
that the Equipment Serviceability REDCON reflects not a battal-
ion's level of allocated resources, but rather the battalion's
ability to effectively apply its available resources in maintain-
ing its equipment, it can constitute an acceptable measure of
battalion effectiveness. This finding would therefore support a
recommendation that the Equipment Serviceability REDCON could be
improved if it were to be based on the percentage of the equip-
ment that the unit actually has on hand which is ready rather
than on a percentage of allocated equipment which is ready.
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Even though Command Indicators have long been employed in
the military as indices of overall unit morale, there is no evi-
dence in the present results to suggest the presence of any
global factor underlying these measures. Rather, these results
show that the relationship among these variables are quite com-
plex so that, for example, some "positive" indices (reenlistment)
are directly related to some "negative" measures (e.g., Courts-
Martial). Such findings clearly show the danger of evaluating
the effectiveness of a battalion, or a battalion's command, by
reference to a single score on a single measure without consider-
ation being given to the dynamics and conditions which fostered
that score. That is, these findings are an indictment of "man-
agement by statistics" approach to monitoring and maintaining
unit effectiveness. A unit's high or low score on any of these
Command Indicators cannot be taken as a sign of unit morale or
discipline without additional information about why that score is
at that level.

The relatively high degree of consensus along the profes-
sional judgments of individuals familiar with the unit suggests
that such "soft" measures of unit effectiveness would be useful
adjuncts to "hard" unit effectiveness measures in providing a
total picture of unit capability. The broad consentual base
which extends up to and includes the division commander shows
that such an addition is not required at the local level. It is
at the higher echelons where critical long-range decisions are
made, with a heavy reliance on standard statistical indices of
unit effectiveness, indices which the present results indicate
have definite shortcomings. Future efforts should be expended to
develop and evaluate methods for systematically and validly pro-
viding the potentially rich source of information which can be
gleaned from judgments of military professionals familiar with
the unit. The present results, in conjunction with related
research (Kerner-Hoeg and O'Mara, 1981), indicates that this data
should include the input of unit officers and NCOs at a minimum.

In conclusion, the results of this research indicate that
the estimation of military unit effectiveness is an area which
has some promise but a promise that is not presently being rea-
lized to a substantial degree. The findings support the position
of neither the most optimistic supporter nor the most pessimistic
critic of current methods of effectiveness assessment. Rather,
they indicate that there are several shortcomings in current sys-
tems which can be fruitfully addressed at present while in other
areas, ameliorative efforts must await a fuller articulation of
the dynamics of military unit operation.

927

927



REFERENCES

Barzily, A., Catalogne, P.R., & Marlow, W.H. Assessing Marine
Corps Readiness (T-430). Washington, D.C.: The
George Washington University, September 1980.

Bowser, S.E. Determination of Criteria of Operational Unit
Effectiveness in the U.S. Navy (NPRDC TR 76TQ-41).
San Diego, California: Navy Personnel Research and
Development Center, August 1976.

Campbell, J.P., Bownas, D.A., Peterson, N.G. & Dunnette, M.D.
Measure of Organizational Effectiveness: A Review of
Relevant Research and Opinion. Final report to Office
of Naval Research, under Contract N00022-73-C-0023,
Minneapolis, Minnesota, 1974.

Kerner-Hoeg, S.E. & O'Mara F.E. Commanders' Assessment of Unit
Effectiveness Measures. Paper presented at the 23rd
Annual Conference of the Military Testing Association,
Arlington, Va., 1981.

Robinson, R.M. Objective Measurement of Training Readiness.
Carlisle Barracks, Pennsylvania: U.S. Army War
College, May 1980.

Ross, G., Murphy, J., March, M., Robinson & Tullington, B.
Military Organizational Effectiveness/Readiness and
Substainability. Final report to Headquarters,
Department of the Army under Contract DAAlC21-79-0015,
McLean, Virginia: Science Applications, Inc
September 1979.

Sorley, L. Professional Evaluation and Combat Readiness. Mili-
tary Review, October 1979, 41-53.

Sorley, L. Prevailing Criteria: A critique. In Sarkesian, S.C.
Combat Effectiveness--Cohesion, Strees, and the
Volunteer Military. Beverly Hills: Sage
Publications, 1980.

O U.S. Army Concepts Analysis Agency, Readiness System Study, Phase
I Analysis. AD-A029 387, August 1976.

U.S. Army War College, U.S. Army Unit Readiness Reporting. ACN
75025, June 1976.

928



AD P001362
Palmer, R. L., US Army Research Institute for the Behavioral and Social

Sciences, Fort Hood, Texas. (Wed. A.M.)

The Commander's Unit Analysis Profile (CUAP)-

The CUAP .questionnaire is a diagnostic tool for providing com-
manders of company-size units knowledge of enlisted attitudes related
to such factors as Cohesiveness, Training, Leadership, Discipline, Job
Satisfaction, Morale, Reenlistment, etc.

-The questionnaire, which is completed in about 15 minutes, can
be read by soldiers with minimal reading skills. Administration
procedures require no special training and provide confidentiality for
both respondents and commander. Only areas over which commanders
exercise control are covered.

Timely, uncomplicated feedback is provided by two graphical unit-
profiles. Profile 1 depicts for each factor the Unit Factor Score and
the Average Score Other Units, which is the mean for all units recently
utilizing the CUAP. Profile 2 depicts the Unit Percentile Rank for
each factor.

The CUAP does not replace the commander's responsibility for

Judging the mission readiness of the unit; rather it identifies atti-
tudinal proclivities that may detract from or contribute to overall
operational effectiveness.
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The Commander's Unit Analysis Profile

R. L. Palmer

US Army Research Institute
Fort Hood, TX

Purpose

>The purpose of this report is to describe the Commander's Unit
Analysis Profile project being conducted by the Army Research Insti-
tute's Field Unit at Fort Hood, Texas.-, -The Commander's Unit Analysis
Profile is a new leadership tool available to commanders of company-
size units and their supervisors.

Background

The Commander's Unit Analysis Profile project was begun in late
1978 under the sponsorship of Headquarters III Corps, located at Fort
Hood, and the Army's Forces Comand. At a basic level, the problem
addressed by the project was that today's junior coimanders-i.e., com-
manders of the Army's "rank and file,"--must contend with a variety of
factors that tend to produce apathy, dissatisfaction, and disunity among
soldiers, with the potential consequence of a degradation in the opera-
tional effectiveness of military units. The list of these factors is
complicated and long, and it will not be discussed in detail here. Let
it suffice to note that the list includes such subjects as the erosion
of military benefits, the military leadership drain, drug usage, racial
problems, problems associated with the increased numbers of women in the
Army, inefficient and ineffective training methods and policies, attitu-
dinal consequences of societal changes, and similar factors. Such
factors are not, of course, all unique to today's Army; however, they
have perhaps become more severe in recent years. The Coumander's Unit
Analysis Profile project does not address these factors directly, but
deals instead with their consequences, insofar as they are reflected in
the attitudes and performance of the "common" soldier.

The commanders of these soldiers--i.e., commanders of company-size
units-are charged with maintaining the "mission readiness" of their
units at all times regardless of the degree of apathy, dissatisfaction,
or disunity that may exist in their units, and in spite of any personal
problems among their soldiers. Thus, there is a need today for these
leaders to be aware of the salient features of the attitudinal and soc-
ial environments that prevail in their units. Until recently, however,
there has been no satisfactory, standardized method for commanders to
systematically identify problem areas in this realm with sufficient
accuracy and specificity.
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The Commander's Unit Analysis Profile project--known more suc-
cinctly (and picturesquely) as CUAP-addresses the problem described
by making available to the Army a unit-diagnostic system that provides
commanders of company-size units a working knowledge of troop attitudes
about a variety of factors related to mission readiness and operational
effectiveness, such as unit cohesiveness, morale, reenlistment poten-
tial, quality of training and leadership, etc. The system involves a
simple, retribution-free procedure that yields substantial but concise
information about the attitudinal environment of lower-ranking (El - E5)
enlisted personnel.

Development

Criteria. The nature of the CUAP system is portrayed by the list
of developmental criteria that were established at the outset of the
project and based in part upon suggestions and comments offered by
Generals Robert Shoemaker and Marvin Fuller, who were successive com-
manders of III Corps and Fort Hood at the time. The criteria served the
purpose of overcoming many problems commonly associated with surveys
directed toward Army personnel. Not the least of these problems was
that many questionnaires and surveys (administered by a variety of agen-
cies) took troops away from their training missions and primary jobs
during the administration period, but provided little compensation in
the way of useful feedback to commanders, particularly at the company
level. Furthermore, when feedback was provided, it was often so late in
arriving that it was of little or no value to the commander. These and
related concerns stimulated the following major developmental criteria
associated with the CUAP project:

1. Administration of the questionnaire must involve minimal interfer-
ence with normal troop training and work schedules; i.e., the instrument
should be as short as feasible while maintaining its capacity to collect
necessary and sufficient information.

2. The questionnaire must be easy to administer and the results easy to
interpret, both without the assistance of specially-trained personnel.

3. Each questionnaire item must possess face-validity; i.e., its intent
should be obvious, and there should be no so-called "double-meaning"
items.

4. The questionnaire must be capable of being read by soldiers with
minimal reading skills.

5. The questionnaire must be maximally sensitive to differences among
company-size units; i.e., it should not contain items pertaining di-
rectly to battalion level, or higher, or items that all units tend to
answer similarly.

6. The questionnaire should cover only subject areas over which the
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small-unit commander can exercise significant influence.

7. The data format must facilitate rapid processing and timely feedback
to the participating unit commanders (ideally, within 15 days).

8. The feedback must provide norms that permit commanders to compare
their units with the combined results of all other units in the Army
that have recently participated in the survey.

9. Anonymity must be provided for all questionnaire respondents, and
confidentiality must be afforded all unit commanders who voluntarily
request administration of the questionnaire in their units.

10. The feedback of questionnaire results should serve as a diagnostic
tool for unit commanders to use in isolating and identifying factors
that may be contributing to or detracting from unit operational effec-
tiveness; but it should not be construed as providing an overall assess-
ment of mission readiness, which should be based upon wider concerns and
remain the responsibility of the unit commander.

Method. Development of the CUAP instrument was started with an
" original pool of 99 questionnaire items. These items were selected as a

result of analyses of a variety of previously administered question-
naires and surveys: many of the items came from research questionnaires
that had been used by the Army in other research programs; some were
written especially for the CUAP. An attempt was made to tap all major
topic areas considered related to the effective operation of company-
size units and which lower-ranking enlisted personnel would find salient
in their day-to-day lives. Of course, the topics also had to satisfy
the criterion, specified earlier, that the unit commander must possess
potential influence over the situation. Thus, for example, such topics
as military pay were not addressed.

The 99 questionnaire items were formulated as interrogatives with
5-alternative, evaluative response scales, as in the example shown in
Figure 1. The items were arranged intuitively into topic groups, or
"factors," rather than randomly ordered--a procedure that could be
viewed as possibly creating a response-set bias. However, for thelq

I I'

.. Does your company commander treat you with respect?

I-"[+2] Very often, or always
P-0 [+I] Often

"- (01 Sometimes
%1 [ 1 Seldom

[I- [-21 __ Very seldom, or never

Figure 1. Fictitious item, portraying CUAP question-
9" naire item format.
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purposes at hand, it seemed desirable to focus the soldiers' evaluative

processes on one general topic at a time and to allow the topics and the

several questionnaire items pertaining to each topic to flow in a re--
lated sequence throughout the questionnaire.

The pilot version of the questionnaire was administered to 21 tank
companies at Fort Hood during June and July of 1979-about 675 soldiers
altogether. A statistical factor analysis of the collected data yielded
23 factors, which approximated the original intuitive grouping of the
items into factor areas, as one might expect on the basis of the face
validity inherent in the items. This factor analysis was used to elimi-
nate items that loaded on two or more factors as opposed to one, and
items that did not load reasonably heavily on any single factor. The
purpose here was, of course, to eliminate overlap among topic areas and
to rid the questionnaire of items that did not seem to contribute much
to any particular area. Of course, the item composition of the factor
areas was revised wherever the analysis conflicted with the original,
intuitively laid-out structure, taking care to maintain the face valid-
ity of each item within each factor area. This step necessitated the
throwing away or revising of a few items because they did not seem to
"fit" where the analysis placed them.

Another analysis was carried out to eliminate items that would not
distinguish among the 21 military units in the sample. The purpose of
this analysis was to create an instrument whose primary purpose would be
to measure differences among military units rather than their absolute
standings. Thus, a one-way analysis of variance was conducted on the
data from each of the 99 questionnaire items, and those items were elim-
inated for which there was not a statistically significant difference at
the .01 alpha level among the 21 companies. A few items that failed to
reach the .01 level in this analysis, but nevertheless showed promise,
were retained, with revisions.

A third analysis was conducted to eliminate undue redundancy from

the questionnaire. Here, the intercorrelation matrix for the 99 items

was examined for the presence of high inter-item correlations, and where
two items were highly correlated--say .70 or greater--the less desirable
(either statistically or otherwise) was usually eliminated.

These analyses, plus a common-sense examination in which some items
were eliminated because of unforeseen format inconsistencies and the
like, left 63 items, which were factor analyzed again. In this analy-
sis, several of the original factors collapsed together as a consequence
of the item eliminations, leaving 13 factors. However, several of these
factors were arbitrarily divided into two separate "factors" when their
content provided a logical basis for the division and when there were
reasons external to the analysis for maintaining such divisions. For
example, "Sports Activities" and "Social Activities" appeared as a sin-
gle factor in the analysis, yet the distinction was maintained because
it was felt that such a division would be important to unit commanders.
This procedure increased the number of factor areas to 23 again.
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At this point, seven new questions were added to "round out" some
of the factors, and rewording was accomplished wherever it seemed im-
provements in readability or clarity could be effected. Then a new
version of the questionnaire was produced. During the following year
the new version, CUAP-8004, was administered to approximately 3,850 sol-
diers in eight FORSCOM divisions, namely the 1st Cavalry and 2nd Armored
Divisions at Fort Hood, the 5th Infantry Division at Fort Polk, the 82nd
Airborne Division at Fort Bragg, the .01st Airborne Division at Fort
Campbell, the 9th Infantry Division at Fort Lewis, the 7th Infantry
Division at Fort Ord, and the 4th Infantry Division at Fort Carson.

During May and June 19"1, the data collected with CUAP-8004 were
analyzed in a manner that was esRentlally identical to the analytical
procedure used for the original pilo. ,.ersion. These analyses, along
With a year's experience with the 8004 version, led to several major and
many minor revisions, the result being a new 96-item, pilot instrument
for which the 8004 norms were not applicabln. This new pilot instrument
was administered to 30 companies at Fort Hood during late June and early
Tuly 1981. -e number of soldiers in the sample was about 1,100.

Again the data were subjected to the same type of analysis,l
which produced the -urrent version, CUAP-8108, an 88-item questionnaire
covering 21 basic topic areas. In addition to minor revisions the new
CUAP instrument contains some entirely new items, and it will therefore
have to be analyzed a:.-.r sufficient data have been collected. As of
November 1981, CUAP-8108 had been administered to approximately 960 sol-
diers in 18 companies in the 1st Cavalry Division at Fort Hood and about
1,000 soldiers fr - units within the 7th Corps' 72nd Field Artillery
Brigade in Europe. Work is currently underway for developing Army-wide
norms.

Feedback profiles. Figures 2 and 3 are examples of the first of
two feedback profiles provided to each unit commander who utilizes the
survey. These examples depict actual data from the highest- (Figure 2)
and lowest- (F: gure 3) scoring units surveyed to date. Down the left-
hand column of the profiles are listed the 21 topic, or "factor," areas.
To the right of each factor title is a scale that ranges from -100 to
+100. The military unit surveyed receives a score on each factor, which
is portrayed by the large open triangle on the factor scale. Essen-
tially, the sczle can be interpreted as ranging from "very bad" to "very
good,"--although emphasis is not placed on the absolute judgment implied
by these terms; rather, it is placed on the the unit's obtained score
in relation to the average of all units recently utilizing the survey.
That average is shown on the scale by the small solid arrowhead. Thus,
the column of solid arrowheads represents the norms associated with

'the item composition of the factors, item contents, and factor
analytic results of the analysis are available irom the author, upon
request.
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the questionnaire. It should be added that because the current version
of the questionnaire has been in use for a short time only, the norms
shown in Figures 2 and 3 must be considered tentative. As mentioned
earlier, Army-wide norms are in the process of being developed.

The unit commander is also provided a second feedback profile that
shows the percentile rank of the unit for each factor area. For each
factor the percentage of all military units receiving equal or lower
scores is indicated on a scale ranging from 0 to 100. This profile
simply provides another way for commanders to see their units in compar-
ison with other units that have utilized the survey. The percentile
profiles for the highest- and lowest-scoring units to date are shown in
Figures 4 and 5, respectively.

Utilization

The research described has resulted in the development of an easy-
to-understand, multiple-choice questionnaire that can be administered by
a single person to one, two, or three company-size units at a sitting.
The amount of time required for a soldier to complete the instrument is
typically 15 to 20 minutes; the total time required for instructions,
administration, and collection of completed questionnaires is usually
about 30 minutes. In its several developmental versions, the CUAP ques-
tionnaire has been administered to approximately 8,000 soldiers in more
than 100 different company-size units in nine divisions within the con-
tinental US and US Army Europe.

Adequate future research and development for the CUAP project is
greatly dependent upon continued enthusiastic reception of the project
by Army leaders. Although the project requires close supervision by the
Army Research Institute for the next few years, it is intended that the
CUAP be implemented as soon as possible into the Army as a standard tool
for leadership development. A complete system package, including auto-
matic data processing, is scheduled for release by the end of the cur-
rent fiscal year (FY 82).
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AD P O1363
Phalen, William J., Air Force Human Resources Laboratory, Brooks Air

Force Base, Texas. (Wed. A.M.)

CODAP: New Techniques to Improve Job-Type Identification and Defini-
tion

.iThis paper will discuss previously used indices of "within" and
"between" group overlap and their limited effectiveness in selecting
and defining job types from aCODAP job clustering. Newly developed
indices of core-task homogeneity 'and task uniqueness will be defined,
demonstrated, and contrasted with the old indices as to quantity and
quality of information provided. Printed output of the CODAP CORSET
program, which computes and displays data on computer or analyst
selected job groups in terms of the new indices, will be presented and
interpreted in terms of their application in several occupational
analysis studies.
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CODAP: SOME NEW TECHNIQUES TO IMPROVE JOB TYPE
IDENTIFICATION AND DEFINITION

by

William J. Phalen
and

Johnny J. Weissmuller

Air Force Human Resources Laboratory
Brooks AFB, Texas

The most complex and controversial task of Air Force occupational analysts
is the selection of homogeneous and meaningful job clusters (job types) from a
CODAP hierarchical clustering. As many of you already know, CODAP is an
acronym for Comprehensive Occupational Data Analysis Programs and refers to a
software package that manipulates and reports task-level and biographical
survey data gathered from job incumbents and expert raters for the purpose of
identifying and analyzing current job structures and task characteristics
within a target occupational area. Over the years, a number of CODAP programs
have been devised to assist occupational analysts in this task, but even the
most useful programs, singly or in combination, have fallen short of
automating the selection of job types. Occupational analysts, in all their
variability of knowledge, experience, and judgment, are still the most
important links in the selection process--and they always will be, whenever
subtle delineation of significant job types for specific purposes is
required. Nevertheless, there is still a sizable region in the job type
selection process for which subjective judgment coulo be partially or totally
eliminated. Manual calculations and intuitive decisions are still being made
which the computer could make or simulate more accurately ano efficiently than
the occupational analyst. This paper will discuss somewhat briefly a new set
of analysis techniques which are in the process of being incorporatem into the
CODAP system. These techniques are designed to enhance the job type selection
process. They will significantly improve the analyst's ability to accu.-ately
delineate and differentiate job types, and do so with greater speed and less
manual effort.

Some of the ideas expressed in this paper were communicatea at the
Occupational Analysts' Conference at Randolph AFB, San Antonio TX, last May.
This paper will review those ideas and show how they have been expanued upon
and incorporated into a new CODAP program called "CORSET" and a program yet to
be developed called "GRPSET."

Development of a Core-Task Homogeneity Index

Throughout the 20 years that have witnessed the evolution of the CODAP
system, the emphasis in job typing has been on various measures of
between-group similarity. The "BETWEEN" or "BEST" value has, from thebeginning, been the objective function that drives the clustering process.i~

From the beginning, also, the initial selection of job types has been tied to
a range of "BETWEEN" values, as reported in the cluster merger diagram

(DIAGRM). The matrix print overlap program (MTXPRT) was also ueveloped to
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provide an index of similarity between pairs of cOlipusite (average) job
descriptions. Simultaneously, the group difference (GRPDIF) program was
developed to provide a means of pinpointing the cumponents of difference
between groups, nan.ely, task differences ordered from highest positive
difference to highest negative difference in terms of percent memuers
performing or average percent time spent by all members. Still later, the
Automated Job Type Selection Program (AUTOJT) was uesigned to assess six kinds
of differences between pairs of groups. Meanwhile, the "WITHIN" function,
which is an overall measure of within-group homogeneity computed during the
hierarchical clustering process, was virtually ignored in job typing, and
there were good reasons why this occurred. While the "BETWEEN" function
calculates a precise estimate of similarity between two groups independently
of group size, the "WITHIN" value is heavily influenced by group size, being
relatively insensitive to the contribution of small groups when they are
merged with large groups. The "WITHIN" also gives a distorted picture of
homogeneity for small groups, because of the disproportionate weight
contributed by the diagonal cells of the "WITHIN" matrix, i.e., the 100%
overlap of every case with itself. In a word, the "WITHIN" index presented a
major interpretability problem. Another measure of within-group homogeneity
which was used in the early years and later dropped was the "percent time
perfectly described," which was the average overlap of each case in a group
with the average job description for the group. Users of CODAP data had
difficulty comprehending the meaning of this measure, and researchers relied
on it even less than they relied on the "WITHIN" to select meaningful job
types. Within the last year or so, this measure has been revived as a means
of determining the overlap of jobs of individual workers with task profiles of
various civilian job classifications. It is only within the last several
months that experimentation has hit upon a promising new measure of
within-group homogeneity that should prove to be a useful tool in selecting
meaningful job types. It is called the "core-task homogeneity index," because
it concentrates on those tasks that are most representative of a specific
group of workers and the amount of time the group devotes to those tasks.
This index ignores the many tasks in a group job description which are
specific to individual incumbents and subgroups and which are, at best,
peripheral to the identification of a job type. The measure is also designed
to be easily interpretable by occupational analysts and other users. To
simplify the explanation of core-task homogeneity, I will first lay out the
steps for calculating the core-task homogeneity index and follow this with a
discussion of its properties.

Calculation of Core-Task Homogeneity Index

Step 1. Select all tasks in a group job description performed by at least
66 2/3% of the group. The value "66 2/3%" was chosen as the minimum
criterion of performance, because it seemed only fitting that any
task to be used as a core task to identify a job type should be
performed by at least 2/3 of the group; i.e., the ratio of performers
to non-performers should be at least 2-to-I. The maximum possible
percentage of group members performing a task is, of course, 100%.

Step 2. Compute the cross-product of "percent members performing" and
"average percent time spent by all members" for each selected task.
The cross-product serves to weight the average percent time spent on
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each selectea core task in direct proportion to the percentage of group
members performing the task.

Step 3. Sum the cross-products an divide the result by 100 to arrive at the
core-task homogeneity inaex, which is nothing more than the weighted
sum of average percent time spent by all group members on the
selected core tasks based on a standara of 100% members performing
each task.

Table 1 is an example of how the core-task homogeneity index is computed.

Table 1. Simulated Task Data Exemplifying Calculation of Core-Task
Homogeneity Index

Average Percent
Z Members Time Spent by Cross-Product of

Task Performing All Members Selected Core Tasks
A * 5.00 500.00

* A2 * 90.00 * 4.70 423.00

• A3 * 75.00 * 4.40 330.00

• A4 * 69.88 * 4.25 296.99

A5 55.00 4.50

Bl 60.00 4.00

* 82 * 66.67 * 3.00 200.01

* B3 *100.00 * 2.50 250.00

Cl 65.00 2.35

C2 33.33 2.15

CORE-TASK
TOTAL 501.55 23.85 2,000.00

*Selected as core task ( 66 2/3% performing). Number of tasks selected = 6.

2,000.00

Core-Task Homogeneity Index = 100 20.00

501.55
Average percentage of members performing core tasks = 6 = 83.59.

Now, how should the index value "20.00" be interpreted? Table 2 will be
helpful at this point.
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Table 2. The Interpretation Limits for the Core-Task Homogeneity Index
Computed from the Simulatea Task Data in Figure 1.

Sum of Percent Homogeneity

% Performing Time Spent Index

100 (Maximum) X 20.00 (Minimum) 1 100 = 20.00

83.59 (Average) X 23.93 (Average) - 100 = 20.00

66 2/3 (Minimum) X 30.00 (Maximum) -} 100 = 20.00

Although Table 2 shows the calculation of only three cross-products which
yield a core-task homogeneity index of 20.00, there is really an infinite
number of cross-products that could be computed between the specified "percent

performing" limits of 100% (maximum) and 66 2/3% (minimum) that would yield a
homogeneity index of 20.00.

However, "% performing" minimum and maximum limits define the "sum of
percent time spent" limits of 20.00% (minimum) and 30.00% (maximum). Thus, if
no further information were given than the index number "20.00," we would know
with certainty that the core-task homogeneity index for this job description
could be the result of a set of one or more tasks which are performed by 100%
of the job incumbents and account for a total of 20.00% of work time, or which
are performed by 66 2/3% of the job incumbents and account for a total of
30.00% of work time, or some other combination of "% performing" ana "sum of
percent time" falling between the minimum and maximum limits and which yielas
a cross-product: "sum of percent time spent" + 100 = 20.00. Note that the
maximum "sum of percent time spent" (30.00) is 1 1/2 times the minimum
(20.00). This multiple (1 1/2) holds true for any value of the core-task
homogeneity index. For example, the interpretation limits or "window" for an
index value of "40.00" would be: 100% of group members performing tasks
accounting for 40.00% of the group's work time, or 66 2/3% of group members
performing tasks accounting for 1 1/2 X 40.00 = 60.00% of the group's work
time, with the actual average falling somewhere between these limits. Table

2 shows the "average" cross-product of "average % performing" and "average sum
of percent time spent" for the simulated data in Table 1 to be 83.59 X 23.93.
The computation of the "average % performing" value (C3.59) is shown in Table
I; the "average sum of percent time spent" value (23.93) was arrived at by
solving the equation: 83.59(x) 100 = 20.00.

Another important property of the core-task homogeneity index is that it
can be rapidly and efficiently calculated for all groups reported in a
cluster-merger diagram, because no ordering of tasks is involvea in the
calculation. The index was computed for numerous clusterea groups in several
Air Force Speciilties which had recently been analyzed ana job typed. About
90% of job types analyzed haa a core-task homogeneity inaex between 20%-30%.
There were a few job types that fell in the teens. A close inspection of the
task data 'or the deviant groups confirmed our suspicion that groups having a
core-task homogeneity index below 20.00 are not sufficiently homogeneous to
warrant being selected as job types. However, groups with index values in the
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teens are fitting candidates for selection as job clusters (umbrella groups
" containing two or more job types, or job types subsuming a number of add-on

cases). Probably the most appealing aspect of the core-task homogeneity inoex
is its concreteness. It tells you rather precisely what degree of
within-group cohesiveness you will find among the top tasks in a group job
description. This is not true of an overall index of similarity, such as the,
average "WITHIN," whose value is derived from all sorts of pairwise
combinations of tasks. Put another way, the core-task homogeneity index
eliminates a large part of the "noise" generated by the "WITHIN" with minimal
loss of relevant information.

The next step in the use of the core-task homogeneity index is to
substitute it for the "WITHIN" in the cluster merger DIAGRAM printout and use
it in the selection of starter groups; i.e., the top row of groups on the
DIAGRAM printout. This is one of the things the proposed GRPSET program will
do, and it will ensure that every starter group is at the appropriate level of
homogeneity to be considered for selection as a job type.

Going a step further, if the core-task homogeneity index is computed for
every group formed in a CODAP hierarchical clustering, each cluster group can
be evaluated in terms of whether it is sufficiently homogeneous; i.e., has a
group of tasks performed by a sizable proportion of its members, e.g. 66 2/3%,
which account for a sizable percentage of group work time, e.g., 20.00%, to be
considered as a potential job type. If a group passes the homogeneity test,
it must then be determined whether a significant portion of the group's core
time is sufficiently unique as to differentiate that group from other
homogeneous groups. The next part of this paper will address this issue in
detail by proposing and describing two new task indices: a task uniqueness
index and a task discrimination index.

Development of a Task Uniqueness Index and a Task Discrimination Index

"Task Uniqueness," as defined in this paper, refers to the extent to which

a task is or is not performed exclusively by one group of workers as compareo
to this-group's complementary group (complementary uniqueness/discrimination),
or as compared to all other groups in a selected set of mutually exclusive
groups (contextual uniqueness/discrimination). A set of contextual groups may
be defined in terms of KPATH ranges derived from clustering, or in terms of
one or more background variables, such as grade level, major command, time in
service, type of aircraft maintained, etc. If a complementary group is used,
it will usually be the total sample minus the target group, although it may
also be some restricted sample, such as a single career ladder, minus a target
group wholly contained in the restricted sample.

"Task Discrimination" and "Task Uniqueness" are related, but not
equivalent, concepts. A discriminating task is a unique task that is also a
core task for one or more groups. Thus, all discriminating tasks are also
unique tasks, but not all unique tasks are discriminating tasks. For example,
if all performers of a rarely performed task are contained in a single
subgroup of the total sample, that task is uniquely associated with that
subgroup, even though it is performed by too few members, i.e., < 66 2/3%, to
be considered a core task.
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While the core-task homogeneity index tells whether there is a
sufficiently large block of group work time concentrateu in tasks performed by
a sufficiently large percentage of incumbents to give it potential job type
status, the core-task discrimination index determines what portion of the
group's core tasks and core time are sufficiently peculiar to that group as to
identify it as a job type unto itself, rather than as a homogeneous part of a
larger job type group. Carriea a step further, the *,ask uniqueness ana
-core-task discrimination indices can also be used to detett secondary
functions of subgroups within an otherwise homogeneous job type group.

Procedures for Computing Task Discrimination and Task Uniqueness Indices

I. Complementary Approach

Let:

a. Task Discrimination (TD) = PTi -c

where:

Pi= % members in target group T performing task i"

P = % members in complementary group (total sample or
i restricted sample, with target group excluded) performing

task i

b. Task Uniqueness (TUi) = TDiM AX (P )
PTi PCi

See Table 3 for some example calculations of task discrimination (TD) and
task uniqueness (TU) indices.

945



Table 3. Example Calculations of Task Discrimination (TD) and Task
Uniqueness (TU) Indices Using the Complementary Approach

~TO.

TASK T Pc c i MAX ( c TUi•~ -Pi Pci

50
A 80 30 80 -30 50 .63

-70
B 20 90 20-90 -70 9- -.78

100
C 100 0 100-0 100 TO 1.00

-70

D 0 70 0 -70 -70 -70 -1.00

0
* E 40, 40 4040* 0* 0.00

-100
F 0 100 0- 100 -100 -Tar -1.00

10

G 10 0 10- 0* 10* 10 1.00

Several observations can be made upon inspection of Table 3:

1. TDi can range from "+100" (uniquely performed, highly
discriminating) to " - 100" (uniquely not performed, highly discriminating),
with a midpoint of "0" (totally lacking uniqueness, no discrimination).

2. TUi can range from "+1.00" to "-1l.00" with midpoint of "0," and with
the same interpretation that extreme and midpoint values have for TD.

3. ITUi x IO01>ITDil in all cases, because, unlike TD, TU is
proportionate to the percentage of workers who perform a task; i.e., TU can
have a large value even if both PT and Pc are low; TD can be large only
if PT or Pc is high and the other is low.

In lieu of practical experience, tentative cutoffs for classifying a task

as discriminating or unique have been set it: .33.33<TD<-33.33 & .50(TU<-.50.

I. Contextual Approach

The contextual approach, which calculates task discrimination and task
uniqueness with reference to a set of groups derived from a common context,

*TD is normally not computed if PTor Pci does not qualify task as a core

task; i.e., PT and Pc.< 66 2/3.
91
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i.e., representing categories of a discrete or continuous variable or

combination of variaUies, is a linear extension of the two-group solution, as

describea in the complementary approach, to a k-group problem. The k-group

solution is as follows, with example calculations shown in Table 4:

Let:
S i R Ti -RT.

*TD T QT ~ R T 1
(k-1)

^ Q Q R
TUT : QTi - RT . kT l)-

where:

TDT = task discrimination index for target group T on task i
T

TUT. = task uniqueness inoex for target group T on task i
T

k-I Pc

ki= T -T for all P P > 0c3 3I P~ 1~ 31-

R Z for all - <0
R = k-l P, i PP3i 31

k : number of contextual groups before target group is selected

P = percent members performing (P) on task i by target group T

P = percent members performing (P) on task i by contextual group j

QTi for all PTi " Pcji >0

k.1 Ti Cj-
i 11 for all P T P < 0

RT =I PC. Pi ji
1 iJT c
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Table 4. Example Calculations of Task Discrimination (TO) and Task
Uniqueness (TU) Indices Using the Contextual Approach

Given:

Matrix of Percent Members Perforning Values for the Core Tasks of 1) Contextual Groups

GROUP ID
CORE
TASK 1D 0631 0220 0586 1122 1001 0097 0154 0488 0086 0372 0947

0001 70 70 90 100 20 15 5 0 80 80 100
0003 85 100 60 20 0 5 5 95 90 80 100

0025 5 100 30 20 0 10 5 100 90 80 100

0057 10 s0 10 80 10 15 5 50 100 80 100

0112 30 25 100 70 100 20 60 so 100 40 100

0351 100 20 90 70 To0 25 ?7, 30 60 40 0

0380 95 0 40 60 100 30 80 40 70 40 0

0722 50 30 0 90 90 35 80 0 75 40 0

0814 60 50 10 30 90 '0 70 0 20 0 0
0948 40 90 10 40 90 45 60 60 0 0 0

1020 75 50 30 20 10 55 60 70 75 75 75

Let:

T. = group 0631 and task 0003

then:

Qti = T85 - 60 + 485 - 20 +J5 - 0 +4T- + 85 - 5 + f85 - 80

= 42.41

RT = J85 -lo1 + 185 8 + + 5-

= 13.14

J 42.41 -13.14

TDT j 42.41 13.14 2 8.57

A 42.41
Q = . 4.60

-j 1~~~001+ 995F85-185 - 901+T185 - 10=13
Ti 1810 -+ 550 + 810000 13

956 -1.3j 1.3
TUTI 14.60 - 1.33 - 12 = .11
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Complementary vs. Contextual Discrimination/Uniqueness

I. Complementary Approach

a. Advantages

1. The idea of using a complementary group to determine the
discrimination and uniqueness of tasks in a target group is
appealing and easy to understand.

2. Computation of task discrimination and uniqueness indices is
straightforward and simple.

3. Task discrimination and uniqueness indices can be computed
for any selected group and the indices are comparable across
multiple groups as long as the groups are drawn from the same
total or restricted sample.

b. Disadvantages

1. The complementary group is not a meaningful group in its own
right, but a potpourri of unrelated as well as relatea
individuals and groups.

2. The complementary group is insensitive to job group
structures outside the target group and, therefore, provides a
somewhat inaccurate stanaard against which to measure task
discrimination and uniqueness in the target group.

II. Contextual Approach

a. Advantages

1. The contextual approach is sensitive to job structures
existing within a well-definedcontext of groups.

2. The contextual approach results in the pinpointing of a
larger number of discriminating and unique tasks having higher
index values.

b. Disadvantages

1. Task discrimination and uniqueness indices cannot be
computed without first selecting a set of contextual groups.
When the goal is the identification and selection of job types
from the hierarchical clustering, the contextual set should
consist of the full array of potential job type groups.

2. Task discrimination and uniqueness inaices computed for a
set of contextual groups are not valid outside the context of
the set of groups for which they were computea.
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3. Task uiscrimiination anu uniqueness inuices are unuuly
influenceu by the presence ot small groups in the contextual
set, since group size is ignorea in the cumputation ot the
indices. On the other hana, weighting the computations by group
size woula give unaue weight to unusually large groups.

The Development of a Measure ot Average Discrimination Per Unit of Core-Task
Homogeneity (ADPUCTH)

* Although the core-task homogeneity inoex is a goou measure of within-group
cohesiveness, which is one essential consiceration in aetermining whether a
clustering-derivea group shoula be selectea as a job type, it provioes no
information as to wnether the group is or is not aistinguishable from other

*i clustering-derivea groups that have been selectea as potential job types. A
well-chosen job type group must be internally cohesive and externally
distinguishable from all other selectea job type groups. The availability of
the task discrimination inoex can solve the oistinguisnability problem through
the computation of an average oiscrimination per unit of core-task homogeneity
(ADPUCTH) index. It is aerivea by computing ano summing the cross-proauct of
three vectors of task values: the vector of core-task aiscrimination inaices,
the "percent members performing" vector, ana the "average percent time spent
by all members" vector (only the last two vectors are useo in computing the
core-task homogeneity inaex) ana aiviaing the sum of cross-proaucts by
"10,000" (the sum of cross-proaucts usea in computing the core-task
homogeneity index is diviaea by "1O0"). Symbolically, the computation is as
follows:

Let:
k

ADPUCTH = I0 0 (PTiDi)

where:

k = number of core tasks in selectea group

Pi = "percent members performing" value for core task i

Ti= "average percent time spent by all members" value for core
task i

Di = aiscrimination index for core task i

The CODAP CORSET and GRPSET Programs

CORSET

The development of the core-task discriminatiun incex has leu to the aevel-
opment of an experimental CODAP program which is currently being testeo at the
Air Force Occupational Measurement Center as a toul tor iurntityiny ano uetin-
ing clustering-aerivea job type groups, as well as tor aistinguishing between
skill-level groups, time-in-service groups, ana type-ut-ircratt-iiiaiiitaitieu
groups within the aircraft miainLeidnce area. The new program is calleo

"CORSET," because it proviaes homogeneity ana aiscriminatiun data on sets ot
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core tasks for a set of selected contextual groups of job incumbents. There

are so many sections and subsections within the CORSET report that I will not

-- be able to include samples of output of the report in this paper, which
already exceeds the guideline for length. Rather I will give a brief
descriptive title for each section and subsection. After more experience and
further planned improvements to CORSET, a future paper will be presentea which
will explain and evaluate all aspects of the CORSET program in aetail.

S List of CORSET Report Contents*

1. Program control card listing, including specified uniqueness
(discrimination) cutoff values and identification information for each
criterion (contextual) group.

2. Composite job description for the criterion (contextual) groups ordered
from most to least frequently occurring core tasks.

3. Task uniqueness (discrimination) report for each criterion (target)
group.

a. Core tasks in descending order of uniqueness
b. Non-core unique tasks
c. Tasks uniquely not performed
d. Highly unique tasks in descending order on time spent
e. Fairly unique tasks in descending order on time spent
f. Fairly common tasks in descending order on time spent

4. Summary of group statistics for this group (target group).

5. Similarity of this group (target group) to each criterion group (all
remaining contextual groups) based on various measures of common core time.

6. Index of criterion (contextual) groups, together with summary statistics
for each group for the task categories listea in item 3 above.

a. Index in input order
b. Index in core-task homogeneity order
c. Index in core-task uniqueness (discrimination) per unit time spent

order
d.. Index in group ID sequence

The current version of the CORSET program promises to save 10% to 20% of
the time it now takes an occupational analyst at the Air Force Occupational
Measurement Center to accomplish a complete, large-sample, job type analysis.

|* *Words in the list which are in parentheses represent vocabulary changes not
yet reflectea in the current version of the CORSET report.
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GRPSET

A planned, but not yet developed, program titled "GRPSET" (Group Set) will
select those groups from a job clustering which have the greatest potential
for being meaningful job types. It will use the core-task homogeneity index
and the average discrimination per unit of core-task homogeneity index to
select the groups. Abbreviated job descriptions and a CORSET report will be
produced for the selectea groups, as well as a cluster merger diagram in which

- these groups will form the topmost row of groups (starter groups).

The GRPSET program will probably save at least 10% to 20% of the time it
takes to accomplish a thorough job type analysis over and above the CORSET
savings, since it will greatly cut down the length of time it now takes an
occupational analyst to make the initial selection of potential job types. An
important spinoff of the automated selection procedure will be a greater
standardization of the job type selection process, an especially important
consideration when there is a relatively frequent turnover of occupational
analysts. A future paper will discuss in detail the group selection
algorithms which will be used in GRPSET. A promising algorithm has already

*been developed, but it would ue premature to describe it before it has been
tested.

Some Potential Applications of the CORSET/GRPSET Technology

The principal arena in which the CORSET/GRPSET technology will be used is
in the identification and definition of job type groups from a hierarchical
clustering.* Of almost equal importance is the ability of the technology to
pinpoint task differences among groups of job incumbents defined in terms of
one or more background variables. These are the more obvious uses. Some other,
less obvious, applications of the technology might be:

1. Built into the CORSET program is a task-modularizing, group-subsetting
capability that may lead to a technique for deriving taxonomic networks of
clustering-derived job type groups. Such a technique would identify the
multidimensional relationships that elude current automated techniques.

2. The core-task homogeneity index might be the best available means for
evaluating clustering approaches which transform the original scale values of
task data at input time in such a way as to give greater weight to the most
time-consuming tasks. Since the most time-consuming tasks tend to drive the
clustering, it stands to reason that the heavier weighting of the must time-
consuming tasks should result in a greater number of groups which display more
core tasks performed by larger percentages of incumbents and which account for
more core time than would be found in a standard clustering using the original
scale values.

3. The task discrimination/uniqueness indices might be used to select
the smallest subset of tasks capable of accurately assigning job incumbents
to previously defined job type groups. It would be the fastest and most eco-
nomical way of classifying the jobs of incumbents who have not yet been surveyed.

* The CORSET/GRPSET programs do not replace the Automated Job Type Selection
Program (AUTOJT), but enhance its usefulness by screening out those groups that
are sufficiently distinct as not to require the detailed pairwise comparisons
performed by AUTOJT.
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Conclusion

The possibility and need to continue making substantive improvements to
occupational analysis methodology, in general, and to CODAP technology, in
particular, is still very much alive. The hardware and the software are
just now beginning to catch up with some of the old ideas that were not
feasible to automate when they were first expressed, such as those presented
in this paper. New ideas are constantly being generated, as new applications
and changing needs of technology users provide new and deeper insights into
the analysis process. The challenge to technology developers is to find
practical ways to automate those aspects of the analysis process which assist
the human judgmental process without usurping its proper domain.
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just now beginning to catch up with some of the old ideas that were not
feasible to automate when they were first expressed, such as those presented
in this paper. New ideas are constantly being generated, as new applications
and changing needs of technology users provide new and deeper insights into
the analysis process. The challenge to technology developers is to find
practical ways to automate those aspects of the analysis process which assist
the human judgmental process without usurping its proper domain.
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Pigeon, E. Richard, National Defence Headquarters, Ottawa, Ontario

Effects of Psychological Differentiation and Cognitive Consistency on
Students' Course Evaluations

(Abstract)

Concern has arisen on student consistency in their course
-- evaluation reports. Since there might possibly be different evalua-
"i- tions given by different groups of raters, it has been suggested that

cognitive styles and affective reactions should be taken into account
-* - when evaluating instruction. This research investigates in the liter-

ature and in a natural observational setting the influence of one set
of two variables, namely "Interest" and "Expected Score", on the
evaluation of another set of five course components. Two groups of
raters are studied: field dependent and field independent. This
research also suggests through the theory of cognitive consistency an
explanation for the higher correlation found within one of the two
groups of raters between the two sets of variables.
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EFFECTS OF PSYCHOLOGICAL DIFFERENTIATION

AND COGNITIVE CONSISTENCY ON STUDENTS' COURSE EVALUATIONS

INTRODUCTION

Accountability has become quite important in the field of

education for the last fifteen years or so. The origin of this move-
ment can be traced back to the final version of the Congress Elementary

and Secondary Act of 1965 Title I and III stipulating that each project
conducted under their support had to be evaluated and evaluations
reported to the federal government. Since one of the main sources of
data collection in an educational setting is the student himself, it is

worthwhile to consider the degree of variability between students in
their course evaluations. The present paper will address this matter
mainly by getting to an understanding of why students evaluate a course
the way they do.

A good definition of evaluation is provided by Crawford (1979):

"Program Evaluation is a process involving the making of judgments

about a program, or a part thereof, to determine its worth. The
process involves systematic efforts to gather, analyze, and interpret

information about the program. This information is then used to
determine if the program is accomplishing what it is set out to

accomplish. This does not, however, preclude the possibility of
attaining unforeseen objectives."

The same author notices that the content and usefulness of ratings is a

function of their use and the intended audience.

The study of Penfield (1972) is of a particular interest in that
it gathers students' comments on the usefulness of evaluation forms.

The results of his enquiry from 125 students show:

a. their uncertainty as to information results;

b. their appreciation of the instrument as an effective means

of evaluating;

c. that retaliation from the institution was not a major pre-

occupation.

As to the validity of evaluations, Costin ET AL (1971) report in
their review of literature positive correlations between higher evalua-
tions and the estimation of course objectives attainment. They report
on studies having obtained positive correlations between present and
past students' evaluations of the same teachers and between
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students and colleagues of teachers. They also report on higher
evaluations given to more experienced teachers. Our review of more
recent articles confirms or adds up to the validity of students'
evaluations. For instance Marsh ET AL (1979) continue to observe an
impressive agreement between the institution and students' evaluations.

But problems start when we consider the so-called reliability of
evaluations. Reliability coefficients reported in the literature are
generally in the order of 0.80. This is the degree to which various
evaluations from various evaluators are proportional when expressed in
terms of deviations from the mean. If instead we consider agreement
between evaluators, as Feldman (1977) did, coefficients drop from
0.7-0.9 to 0.1-0.3. For this author, then: "To the degree that
students within class are not consistent, a concomitant concern arises
- namely, whether there are differences among students that may be
producing systematic variability in ratings."

The results of a study by Marsh and Overall (1979) on long-term
stability of evaluation have indicated that "there are systematic
differences among raters that cannot simply be attributed to care-
lessness." Consequently their suggestion is to report mean group eval-
uations according to various groupings of variables. Crichton and
Doyle had suggested that: "Perhaps it will be possible to group raters
according to some theory of how they will rate in a particular
situation and their ratings within subgroups will be more uniform than
ratings within the total group."

Messick (1970) has recommended to take into account cognitive
styles and affective reactions when evaluating instruction. This
research investigates in the literature and in a natural observational
setting the influence of those variables.

REVIEW OF LITERATURE

The purpose of our review of literature was threefold. First,
to investigate among a constellation of variables those related to the
evaluator and the course most likely to influence students' evalua-
tions. Secondly, to investigate the relation of cognitive style on
students' evaluations. Thirdly, to explain by the theory of cognitive
dissonance the effect of certain variables on evaluations for given
cognitive styles.

1. Influence of variables on evaluations

This first step of our review has brought forward the following
considerations:

a. there are a gre;. many variables (personal, course related,

mixec that d- :ifluence course evaluations by students;
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b. links between variables and evaluations are often weak and

the results of some studies even conflict with others;

c. given their popularity and conspicuous success in explaining
differences in evaluations, course interest, course impor-
tance and expected score in the course would be variables to
be kept in a study on variabilitity of evaluations;

d. as recommended in the literature on the subject, more speci-
fically in the case of expected scores (Feldman, 1976) it
would be important in future research to take into account
conditions in which variables are more or less associated to
evaluation.

2. Cognitive styles and evaluation

According to Messick (1970) cognitive styles and affective

reactions are two classes of variables which should be taken into con-
sideration when evaluating: the interactions between these variables
and objects evaluated are probable and should be systematically
appraised. From three articles, Musella (1969), Greenfeld and
Arbuthnot (1969), and Drummond and Mclntire (1977), some statements can
be made about these relations:

a. breakdown of evaluators according to their cognitive style
produces inter-group differences on overall evaluation;

b. breakdown of evaluators according to their cognitive style
produces inter-group differences on items of evaluation
questionnaires;

c. certain evaluators will be uniform in the evaluation of
different objects, others will show great variation.

This influence of cognitive styles on evaluation has made us to
consider morp specifically a well-known cognitive style termed by
Witkin "field dependency". Field dependeaLcy is a measure of psycho-
logical differentiation. The last formulation of the psychological
differentiation model (Witkin, Goodenough, Oltman: 1979) identifies
fiild dependency as self-nonself segregation. This segregation plus
th"i segregation of psychological functions and the segregation of
neurophysiological functions are the three major indicators of
differentiation. "Segregation of self-nonself or field independency

6 means autonomy of external referents. Limited self-nonself segreg-
ation, responsible for less autonomous functioning or a field dependent
cognitive style, signifies continued connectedness with others."
(Witkin et al, 1979, p.1138).
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It is our belief that field dependency as a cognitive style can

explain the presence or absence of certain variables' effects on
evaluation. Students identified as field dependent, given their little
differentiation in their behaviour and global perception of situations
rather than their distinct elements, would not have a strong tendency
to evaluate a course in function, for instance, of their interest for
this course. Field independent evaluators, given their analytical

perception of a situation, will discern their course interest and their

course evaluation as two entities and will naturally tend to maintain a
balance between them or their elements.

3. Cognitive dissonance and Cognitive Styles

The fundamental background of the theory according to Festinger

- (1968) is the need for a human being to maintain the greatest coherence
possible: "human organism tries to establish internal harmony, consist-
ency, or congruity among his opinions, attitudes, knowledge, and
values" (p.26 0).

Shaffer and Hendrick (1974) summarize che equilibration process
in the individual in the following way. The individual first ex-

periences a discomfort after a cognitive maladjustment. Ther he
tolerates it to a certain degree. Finally if the discomfort is not

tolerable, he will choose a strategy to reduce the lack of balance and
its unpleasant consequences. According to Festinger the usual way is
to reevaluate the eventualities. This principal mode of dissonance
reduction consists in increasing the difference in subjective values

assigned to eventualities between which the choice was made.

Even though according to Shaffer (1975) the details of the
relation between cognitive dissonance and cognitive style are not

clear, this relation does nonetheless seem real. It is to be expected
that field independent evaluators being aware of elements in a
situation, some of which possibly conflict with one another, will try
to maintain a coherence between these elements more than field

dependent evaluators who perceive the situation globally rather than

analytically.

PROBLEM AND RESEARCH HYPOTHSES

The foundation of this research is that there is effectively
variation between students' evaluations. Also the influence of the

three following variables can be recognized on course evaluation:
interest, importance and expected score in relation with the course.

Moreover because of lesser or greater need in the evaluator of
cognitive consistency between what he feels towards the course and its

evaluation one should find a more or less strong correlation between
the above three variables and course evaluation according to the

evaluator's cognitive style.
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The research problem is thus the following:

Given the field dependence of the evaluator and his need for cognitive

consistency, what is the effect of the course interest, course import-
ance, and expected score in the course on course evaluation by the

student?

The proposed research hypothesis is the following:

There is a relation between course interest, course importance,
expected score in the course and evaluator field dependency on one
side, and course evaluation on the other side.

EXPERIMENTAL DESIGN

Courses Evaluated

Data were gathered from participants of the Officer Professional

Development Program (OPDP) of the Canadian Armed Forces. As stated in
the administrative orders governing the program, the aim of the OPDP is
"to broaden and deepen the Canadian Forces Officer's knowledge and
understanding of the military profession beyond the specific technical

expertise of classification training, and to contribute to the found-
ation of knowledge upon which further professional development will be
built (CFAO 9-60).

Canadian Forces officers in the ranks of second lieutenant to
major who were commissioned in 1971 or later are required to success-
fully complete six courses deemed to be fundamental to their profes-
sional development. The six courses are:

a. OPDP 2 - General Service Knowledge;
b. OPDP 3 - Personnel Administration;
c. OPDP 4 - Military Law;
d. OPDP 5 -Financial Administration and Supply;
e. OPDP 6 - National and International Studies; and

f. OPDP 7 - War and the Military Profession.

For officers commissioned in 1971 or later, completion of the six
courses is a selection prerequisite for further professional develop-
ment training, namely, attendance on the Command and Staff Course. The
OPDP is a self-study program with successful completion of each course
determined by measurement of performance on an objective (usually
multiple choice) examination.
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Questionnaire Administration and Sample of Participants

At the beginning of this year OPDP management requested the co-
operation of 29 major bases of the CF in order to gather participants'
comments about the OPDP and to answer their questions. Teams of 3 or 4
members of the OPDP personnel visited these bases. Questionnaire
administration was always performed by one of the two evaluating
officers of the program, helped out by a colleague.

Some 800 candidates attended these meetings. However, 594
candidates fully responded to the evaluation questionnaire and the GEFT
designed to measure the field dependency of the candidate. These
candidates were kept for the research.

Instruments

The OPDP evaluation questionnaire is essentially a modified
version of the Course Comment Questionnaire and of the Personalized
Course Analysis from Hogan (1976). These two instruments take up the
question of student course evaluation by focusing attention on the
student himself. In order to adapt these two instruments to OPDP needs
they were discussed in-house and modified, and an instrument of 41
items was put together. This first form was administered in the fall

of 1980 to 60 officers at a large CF base. From statistical analysis
performed, comments gathered from these officers and their supervisors,
an instrument of 21 items was kept. Factor analysis of this instrument
came up with 6 factors with eigenvalues greater than 1.00 and ex-
plaining 74.5% of the variance.

The Group Embedded Figures tests (Oltman, Raskin, and Witkin,
1971) was administered to measure the perceptual field dependency of
subjects, which is an indication of the psychological differentiation
of subjects. The required task of the subject in the GEFT is to find a
single figure hidden in a greater more complex one. There are 18
complex figures. A score of 13 or above makes a subject field indepen-
dent while a score under 13 makes him a field dependent.

Statistical Analysis

In operational terms our research hypothesis can be stated as
the expectancy to find a greater relation between the two sets of
variables for the field-independent group than the field dependent.

Two canonical correlation coefficients are calculated between
the two sets of variables for each group of evaluators. Those co-
efficients can be defined as the maximal correlation produced by the
linear combinations of the two sets of variables. In this present case
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we will calculate part canonical correlation coefficients. Indeed,
since in the experimental situation uneven pressures are put on
candidates from their supervisors to be successful, we eliminate the
effect of course importance on course interest and expected score. The
second set of variables related to evaluation remains unchanged.

Once the part canonical correlation coefficients are calculated
for the two groups, we compare these two coefficients. Even though we
are not aware of any statistical comparison technique for this case, we
can consider the p-value of each one of these coefficients and come up
to some decision on the difference of these coefficients' magnitude.

The computer program used for the canonical analysis is the
Canonical Analysis Program from Carlson and Timm (1976). This program
does allow for part-canonical analysis.

Data Analysis and Discussion

Before reporting the results of the canonical analysis, a
consideration of descriptive statistics for the variables under study
for both groups, is necessary. Table I reports for field independent
(n=324) and field dependent (n=270) averages and standard deviations.

TABLE I

Descriptive Statistics of Variables

Field Dependent Field independent
Mean S.D. Mean S.D.

Interest 2.91 1.17 2.83 1.14
Expected Score 3.30 0.89 3.34 0.94

Importance 3.07 1.20 3.05 1.14

General Cognitive Development 2.77 0.99 2.64 0.96
Specific Cognitive Development 2.61 0.86 2.54 0.84
Course Relevance 2.76 0.88 2.65 0.86
Personal Development 2.64 0.87 2.58 0.87
Course Content 3.27 0.75 3.19 0.77

As can be observed in Table I there is not much variation
between the FD and FI variables' means. However, as one can notice for
the five evaluation variables, FD rated the course higher than FI but
not significantly. It might be that FD are more lenient towards
courses.

From the correlation matrix in Table II it can be observed that
correlations between expected score and interest and the five eval-
uation variables are generally greater for FI. Also it seems that we
are justified to partial out the effect of Course Importance if we
consider its high correlation especially with course interest.
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TABLE II
Correlation Matrix

Expected Gen.Cog. Spec. Cog. Course Pers Course
Interest Score Importance Dev. Dev. Relevance Dev. Content

Interest 1.00

Expected 0.28(FI) 1.00

Score 0.34(FD)

Importance 0.63 0.34 1.00
0.66 0.28

Gen.Dev. 0.37 0.21 0.32 1.00
0.36 0.18 0.46

Spec. Dev. 0.47 0.42 0.44 0.61 1.00
0.41 0.29 0.51 0.71

Course 0.47 0.34 0.52 0.57 0.69 1.00
Relevance 0.49 0.24 0.58 0.69 0.75

Pers. 0.36 0.29 0.34 0.54 0.63 0.56 1.00
Development 0.34 0.27 0.41 0.57 0.69 0.64

Course 0.16 0.20 0.24 0.26 0.29 0.32 0.20 1.00
Content 0.16 0.17 0.12 0.25 0.28 0.30 0.21

The canonical analysis itself has produced the part canonical correlation
coefficients reproduced in Table III. Clearly the Fl group have greater coefficients
than the FD's. A comparison between the two significant coefficients shows a
difference of some 12%.

TABLE III

Canonical Analysis

Part Canonical
Correlation Coefficient p-value

Field Independent First: 0.364 p<O.0001
Second: 0.158 0.086

Field Dependent First: 0.237 0.033
Second: 0.128 0.324
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Taking now only the first two coefficients which were signi-
ficant, and calling U the set of variables Interest and Expected Score,
and V the set of the five evaluation variables, we can look at cor-
relations between variables of one set and the canonical variate of the
other set.

In Table IV it can be seen that Expected Score is more related
to V, the composite of evaluation variables, than Course Interest.
This is true for either FD or FI. In Table V the picture is a bit more
complex. Specific Cognitive Development is highly related to U, the
canonical variate of Interest and Expected Score, and Course Content
the least for FI. But for FD the least related variable is General
Cognitive Development while all other variables have about the same
coefficients.

TABLE IV
Correlations between U set variables

and V canonical variate

Field Independent Field Dependent

Interest 0.24 0.11
Expected Score 0.29 0.23

TABLE V
Correlations between V set variables

and U canonical variate

Field Independent Field Dependent

General Cognitive Development 0.21 0.07
Specific Cognitive Development 0.36 0.16
Course Relevance 0.24 0.11
Personal Development 0.25 0.17
Course Content 0.11 0.16
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These findings were to be expected. First, the prediction of
higher correlations for field independent between the course interest
and expected score and their course evaluation was found to be true.
As stated previously, because of their way of functioning, FI need to
maintain a greater consistency between components of a situation. The
situation is a given course, and they cannot tolerate cognitive dis-
sonance between what they feel towards the course (Interest) and
Expected outcome (Expected Score) and their rating of the course.

Even though there is such a need for FD people - there is a respectable
relation between the two sets of variables - it is probably not as
great for them. They do not have an analytical perception of the
situation and its components but rather a global perception.

Secondly, it is quite interesting to consider evaluation of
particular components. For instance a high correlation coefficient was
to be expected for FI in their evaluation of course contribution to
their Specific Cognitive Development. After all, they go much for
details. But evaluation of Course Content is quite a vast area and a
specific evaluation of each part of the course would have been more
appropriate. We may consequently not be surprised at the low relation
between F interest and expected score and their evaluation of course
content. As for FD one was not to expect much difference between the
last four of the five evaluation variables - correlations vary between
0.11 and 0.17. The small relation for FD between General Cognitive
Development and Interest - Expected Score can be understood in the very
fact that since it is "General" and FD have global perception of a
situation relation between this evaluation variable and students'
interest and their expected score is even less seen than for the other
evaluation variables.

Summary of Findings

The major finding of this research is that there is a greater

relationship between course-student related variables (Interest and

Expected Score), partialling out the effect of Course Importance, and
five Course Evaluation variables mnong field independent evaluators
than among field dependent evaluators. It was suggested that since
field independent people have an analytical perception of a situation,
their need for cognitive consistency between course-student related
variables and course evaluation variables drives them to maintain
balance between these two sets of variables. Field dependent
evaluators, being more global in their perception of a situation, do
not have such a great need to maintain balance between the two sets of
variables.

Other findings of the research are the following ones:

a. field dependents' course evaluations are higher (more
positive but not significantly) than field independent ones;
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b. among F1 the greatest relationship with student-course

variables composite was found with the evaluation of
Specific Cognitive Development and the lowest with the

evaluation of Course Content;

c. among FD the lowest relationship was found with the
evaluation of General Cognitive Development, and all other

relationships were found to be about equal; and

d. Expected Score on the course is more related to the

evaluation composite variate than Course Interest.

Conclusions

Even though studies in different educational settings are needed

the present research contributes toward adding to our comprehension of
factors affecting course evaluations.

This research points out the relevance of cognitive styles and

cognitive dissonance in the study of course evaluations. If, as
suggested earlier, evaluation reports should be broken down by certain
characteristics particular to groups, it might be worthwhile to use in
such breakdowns cognitive styles and specific student-course vari-
ables. Also one should not report only a global evaluation score,but
report scores for particular components being well identified factors

in the overall course evaluation. Finally other studies are needed to
assess the impact of these groupings in improving the agreement between

course evaluators.
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* ~~PREDICTORS OF SUCCESSAD P 0 1 6
IN BASIC ENLISTED SUBMARINE SCHOOL

LCDR Earl H. Potter III, USCG
Assistant Professor of Psychology
United States Coast Guard Academy

SUMMARY

Attrition, academic performance, and adaptive personality changes were
examined in two studies of students in the U. S. Navy's Basic Enlisted Sub-
marine School at Groton, Connecticut. Academic aptitude, the quality of
the students' homelife, previous school experience, and test anxiety were
the primary factors which predicted academic achievement. Significant pos-
itive changes over the course of the program were noted in test anxiety,
hostility, and depression indices. Implications of these findings for in-
terventions in the program designed to increase the rate of student success
were considered.

Recent discussions of military preparedness in the popular press have
highlighted the importance of our submarine force to national defense.
While the launching of the first Trident-class submarine, the USS OHIO, was
a striking technological achievement which signaled future increases in the
strength of our submarine force, it is the crews of these potent weapons
systems that will determine their effectiveness. The selection and train-
ing of these crews is, therefore, an issue vital to the national defense.

For each enlisted submariner, the first step toward becoming an effec-
tive crew member is graduation from the Basic Enlisted Submarine School
(BESS). BESS, whicn is located in Groton, Connecticut, is a five-week
training program which provides students with a basic understanding of sub-
marine systems and life aboard a submarine. Graduates of this program must
master a large body of technical information and demonstrate the ability to
work as a team under pressure. This latter ability is tested in a simula-
tion room which is fitted with leaking pipes. Students must repair the
leaks before the room floods. Another test of performance under pressure
is submarine escape training which requires the student to make a free as-
cent after entering the school's underwater escape training tower through a
hatch at a depth of 50 feet. The Basic Enlisted Submarine School presents
the student with a significant challenge. Graduation from the school rep-
resents a significant personal achievement--both academic and emotional.
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The goals of BESS are three: 1) to graduate students with the techni-
cal foundation upon which to build future qualifications; 2) to screen out
those persons who are not suitable for submarine service; 3) by providing
an atmosphere of challenge to inspire and motivate graduates toward future
performance. While much research has considered military attrition (Hand,
Griffith, and Mobley, 1977) most of this research has attempted to account
for the numbers of persons lost from training environments. The focus of

* this research is on determining the factors which contribute to success in
the training environment. If one understands the goal by which success is
measured in this particular training program, however, it is clear that the

- success of this program cannot be determined without a followup study of
* the performance of its graduates in the submarine fleet. This paper re-

ports the first phase of an effort to examine the degree to which the goals
of BESS are met. The second phase will examine the performance of success-

*ful graduates of BESS in the fleet. Together these studies should provide
a better understanding of the role which initial training and screening

*plays in determining the effectiveness of the submariner. Hopefully, such
an understanding will lead to improvements in the training program which
will not be measured simply in terms of reduced attrition from BESS but in
terms of the eventual effectiveness of submarine crews in the fleet.

Theoretical Framework

Students come to BESS with a varying array of resources and liabili-
ties. At BESS they confront an environment which poses certain challenges
and offers certain supports. If the student perce'ives that these chal-
lenges exceed his resources, he experiences stress. This stress is great-
est when the student's doubt about his ability to succeed is greatest
(McGrath, 1976). The condition of greatest doubt is most likely to occur
when the match between the student's resources and the demands of the
environment is closest. In this condition the student's ability to cope
with the resulting stress and draw on his resources to meet the demands of
the environment will play a large part in determining eventual success or
failure. Therefore, student characteristics which contribute to success in
BESS are likely to include psychological factors which reflect the stu-
dent's strategies for dealing with stress as well as more obvious resources
such as cognitive ability. One such factor may be the student's desire for
excitement and stimulation. Zuckerman, Kolin, Price, & Zoob (1964) have
called this factor "Sensation Seeking" and related this tendency to a
desire for challenge and experience. Another such factor may be a history
of past success which would lead to positive expectations for success and
increased motivation (Weiner, 1970).

Liabilities, too, include psychological factors related to the inter-
pretation of demanding environments and coping strategies such as test
anxiety, depression, and hostility. They also include aspects of the stu-
dent's life such as an accumulation of stressful life events which has been
related to poor academic (Carranza, 1972) and work (Harris, 1972) perfor-
mance.
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A BESS student is considered successful: 1)if he graduates; 2) to
the degree that his final standing in his class (GPA) is higher than his
peers; 3) that the resources which he takes to future assignments are
greater than those with which he entered. The first two of these points
are common criteria for all training research. The third criteria assumes
that success in school will lead to greater expectation of future success
and therefore greater motivation to attempt success. As a corollary, posi-
tive change in those psychological factors which are related to student re-
sponses to stress is also expected of a successful student.

METHOD

Subjects Two studies of students at BESS are summarized here. Study
I was conducted in the winter of 1980 with 291 students from
three class groups. Students ranged in age from 17 to 37 with
74% being younger than 21. Twenty-three percent of the students
in Study I were not high school graduates. Study II was con-
ducted in the winter of 1981 with 302 students from three class
groups. Student ages were comparable to those in Study I (range
17-35, 73% less than 21) while only 16% were not high school
graduates.

Testing Students were given a rather lengthy package of instruments
at the beginning of their second week at BESS and again just
prior to graduation in their fifth week. A previous study
(Antoni, 1980) demonstrated that the pre-test itself had no sig-
nificant impact on post-test values. Testing took from one to
two hours depending on student reading ability.

Instruments

Cognitive Ability. The measure of cognitive ability was the
Armed Forces Qualification Test (AFQT). Mean AFQT scores for
Studies I and II were 69.67 (range 41-98) and 68.75 (range 31-
98).

Sensation Seeking. A desire for challenge was measured with
a shortened version of Zuckerman's Sensation Seeking Scale
(Zuckerman, et al, 1964). The possible values ranged from 0 to
22. Students in Studies I and II had values ranging from 0 to 21
(X = 12.6) and from 1-20 (X = 12.57).

Test Anxiet . Test anxiety was assessed using a short form
of Sarason's Test Anxiety Scale (Sarason, 1978b). Possible
values ranged from 0 to 25 while student scores in Studies I and
II ranged from 0 to 25 (X = 9.70) and from 0 to 24 (X = 9.13).

973



Stressful Life Events. Students completed the Life Exper-
iences Survey (Sarason, 1978a) which lists 47 significant life
events. Weights (0 to 3) and positive/negative evaluations are
assigned by the student. This method allows the computation of
several scores including a total of good and bad events and a
weighted total of good and bad events. As Sarason suggests, good
life events seem to have little impact on later success. The
total number of bad life events and the weighted total do seem to
be related, to some degree, to student success. Students in
Studies I and II report 0 to 45 ( = 5.85) and 0 to 27_(X = 3.67)
bad life events. Weighted scores range from 0 to 82 (X = 10.25)
for Study I and from 0 to 44 (X = 6.52) for Study II.

Anxiety, Hostility, Depression. Zuckerman and Lubin's
(1965) Multiple Affect Adjective Checklist (MAACL) yields three
sub-scores: anxiety, hostility, and depression. Anxiety scores
for students in Studies I and II ranged from 0 to 18 (X = 5.82)
and from 0 to 20 (X = 5.52) with a possible range of 0 to 21.
Possible values for hostility ranged from 0 to 28. Student
values ranged from 0 to 19 (X = 7.33) in Study I and 0 to 27 (T
- 8.13) in Study II. For depression the possible range was 0 to
40. In Study I, students ranged from 0 to 31 (X= 10.21); in
Study II, the range was 0 to 34 (X= 10.78).

Anger. A student's tendency to respond to frustration with
anger was assessed with Novaco's Angel Scale (1975). Possible
values ranged from 80 to 400. Students in Studies I and II
ranged from 80-385 (X = 261.2) and 80-380 (X = 260.0).

Past Success. The student's perception of his past academic
success was measured with a one-item, five-point likert scale
which asked the student to rate his experience in school from
good (1) to terrible (5). Students in Studies I and II ranged
from 1 to 5 with means of 2.07 and 1.91.

quality of Homelife. A one-item, five-point Likert scale
was also used to assess homelife. Student values ranged from 1
(good) to 5 (terrible) with means of 1.70 and 1.69.
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RESULTS

Graduation/Non-graduation

BESS students were divided into three groups: 1) those students who
graduated with the class with which they started school; 2) those students
who were setback into later classes to correct academic deficiences; and,
3) those students who did not graduate. The first set of analyses consid-
ered the differences between graduates and non-graduates with respect to
psychological characteristics (AFQT, Test Anxiety, MAACL-Anxiety, MAACL-
Hostility, MAACL-Depression, and Sensation Seeking) and aspects of the stu-
dent's history (homelife quality, school experience, and bad life exper-
iences--weighted and unweighted). Tables 1 and 2 summarize the results of
the two-tailed t-tests between the independent groups, graduate and non-
graduate, for Studies I and II.

Graduates in both studies have higher AFQT scores, lower test anxiety,
more positive past experiences (school and home life) and evidence less
anxiety, hostility, and depression. In Study I, sensation seeking is
greater for graduates (p = .009); in Study II, the difference between the
sensation seeking scores of graduates and non-graduates is in the same
direction but not signiticant. In Study II, students with a greater number
of recent bad life experiences (weighted and unweighted) are more likely to
be graduates. While the differences between graduates and non-graduates
with respect to life events is in the same direction for Study I, the
difference is not significant.

These results suggest that the graduate has greater cognitive ability
and is more likely to have had past experiences which lead him to expect
success. The fear of failure which may be characteristic of the non-gradu-
ate is evidenced by greater test anxiety, hostility, and depression. These
findings are significant because of the increase in the percentage of non-
high school graduates in the submarine force which seems to coincide with

* the advent of the all volunteer armed forces. Students with a record of
past failures may be vulnerable +o defeat in a demanding academic program.

* On the other hand, if expectations and experience and not academic ability
alone determine success, interventions may be possible which will increase
the chances of these students for success.

'-9
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STUDY I

Differences Between Graduates and Non-Graduates
of Basic Enlisted Submarine School

GRAD NON-GRAD P

Test Anxiety 9.51 11.7 .014

AFQT

Bad Life Experiences 5.53 7.43 .086
B LE#Weighted 9.65 12.79 .173

Homelife 1.63 2.04 .019

School Experience 2.00 2.36 .047

MAACL-A 5.48 7.18 .016

MAACL-D 9.80 12.18 .044

MAACL-H 6.87 8.75 .017

Sensation Seeking 12.90 10.86 .009 Table 1

STUDY 11

Differences Between Graduates and Non-Graduates
of Basic Enlisted Submarine School

GRAD NON-GRAD P

Test Anxiety 8.92 13.78 .008

AFQT 69.40 58.29 .005

Bad Life Experiences 3.42 5.81 .028
B LE# Weighted 5.78 13.82 .005

Homelife 1.59 2.67 .009

School Experience 1.81 2.89 .007

MAACL-A 5.07 8.17 .037

MAACL-D 9.99 15.39 .031

MAACL-H 7.56 12.06 .022

Sensation Seeking 12.67 11.27 .131 Table 2
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Academic Performance

Table 3 summarizes regression equations which predict GPA using AFQT,

test anxiety (TA), the AFQT x TA interaction, school experience and home-
life quality. In Study I, the multiple R for this set of variables is .50
accounting for 25% of the variance in GPA. In Study II, the multiple R is
.57 which accounts for 32% of the variance in GPA. In general, students
with higher AFQT's and lower test anxiety tend to have higher GPA's. These
effects are additive; the interaction term is not significant in either
Study I or Study II. The relationship of school experience and homelife to
academic performance is ambiguous both being significant in Study II but
not in Study I.

Again, students who do well have greater cognitive ability and a
greater expectation of success. The relationship of test anxiety to GPA is
independent of AFQT and, therefore, offers a promise of possible interven-
tion to improve student performance.

STUDY I

Hierarchical Multiple Regression on GPA

VAR MULT R2  A R2  Signific nce Simple R
of A R

AFQT .44 .19 .194 <.001 .44

Test Anxiety .48 .23 .037 14.001 -.31

AFQT.TA .487 .24 .005 NS -.16

School Experience .498 .25 .011 NS -.19

Homelife .500 .25 .002 NS -.15

STUDY II

* AFQT .45 .21 .21 d.001 .45

Test Anxiety .523 .273 .067 Z.001 -.38

AFQT.TA .524 .274 .001 NS -.23

School Experience .54 .29 .015 .025 -.23

* Homelife .57 .32 .036 -.001 -.30

Table 3
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Adaptive Personality Change

Those students who graduate from BESS experience a significant person-
al success--one of the few for some students. If success leads to greater
expectations for future success and can be related to a more positive eval-
uation of self, than facing and meeting this challenge of BESS should lead
to change in personality measures which could be characterized as adaptive.

- In other words, success in BESS may be the best influence on the student's
S-: mix of resources and liabilities and may lead to a greater chance of future

success. Table 4 summarizes paired t-tests for students who graduate from
BESS in Studies I and II. Graduates in both studies are less anxious, more
desirous of challenge, less depressed, and less easy to anger than they"': were when they entered BESS. It is noteworthy that academic success re-
sults in a decrease in test anxiety which, our results suggest, should be

reflected in better performance in more advanced schools.

Change in Personality Scale Values

STUDY I STUDY II

Sensation Seeking 12.98 12.51
p=.001 pZ.001

13.50 13.08

Test Anxiety 9.28 9.13
p,. 001 pL. 001

6.67 6.81

Anger Scale 257.6 252.7
p4..001 pA.001

243.9 239.3

MAACL-A 5.55 5.52
p=.001 p=.034

4.89 5.21

MAACL-D 9.80 10.79
pS.05 p4. 01

9.13 10.12

Table 4
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DISCUSSION

This paper has briefly reviewed some of the preliminary findings of a
two-phase effort to understand the role which the Basic Enlisted Submarine
School plays in determining the success of enlisted submariners in the
submarine fleet. Clearly the cognitive and psychological resources which
the students bring to the school are major determinants of the student's
success in BESS. Foreknowledge of these characteristics should allow BESS
to target students for extra attention and assistance. Some potential stu-
dents may also be identified as poor risks for completion before they begin
BESS. The most important finding, however, may be that students leave BESS
more prepared for success than when they started BESS. This finding sup-
ports efforts to encourage and support students who might otherwise fail.

Given adequate cognitive skills, the student's perception of the
degree of threat posed by the environment and his strategy for coping with
the resulting stress does seem to play an important role in determing suc-
cess in BESS. Interventions which focus on improving students' coping
strategies do seem to offer hope for increasing the rate of success in BESS
and, as a consequence, in the submarine fleet as well.
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Rankin, William C. & McDaniel, William C. US Navy Training Analysis and

Evaluation Group, Orlando, Florida. (Wed. A.M.)

Aviation Training Task Proficiency: A Probabilistic Approach

The assessment of flight task proficiency by instructor pilots

in Navy training squadrons poses a problem in determining the point at
which performance on most subsequent trials would be judged "profi-

cient." Because of the inherent variability in trainees, instructor
judgments, and training tasks, a probabilistic decision must be made.
It is proposed that Wald's technique of sequential sampling applied to

trail-by-trial performance data (instructor judgments of "proficient
vs. not proficient") can be adapted to the flight training situation.
Sequential sampling models can be used consistently by letting the
instructor focus on a single binary decision each time the trainee
performs a task. Then, the appropriate model determines with con-
trollable risks, when to terminate training on the task. The model(s)
does this because a sampling threshold has been reached and there is a
high probability that most or all subsequent performance for a given
task will be judged proficient.
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AVIATION TRAINING TASK PROFICIENCY: A PROBABILISTIC APPROACH

William C. Rankin and William C. McDaniel

Training Analysis and Evaluation Group (TAEG)
Orlando, Florida 32813

Determination of the proficient performance of aircraft flying tasks con-
tinues to be a subjective judgment made by instructor pilots. Current practice
in training squadrons consists of "flights" during which a subset of tasks
from the training syllabus are performed a varying number of times by the pilot
trainee at the discretion of the instructor pilots. During or shortly after
each flight, the instructor pilot "grades" the pilot trainee on the tasks per-
formed using a standard scale but also employing his own personal criteria.
While instructors differ in their personal rating bias (hard-easy), they attempt
to grade in terms of "average performance at this stage of training." It is
usual for the pilot trainee to be exposed to several different instructor pilots.
After a specified minimum number of flights, and a recommendation by an in-
structor pilot, the pilot trainee is scheduled for a final "check flight."
His performance on selected tasks is graded by an instructor pilot acting in
the independent role of "check pilot." Should the pilot trainee not perform
the flight consonant with the standards of performance expected of him by the
"check pilot," he is rescheduled for additional "check flights" until he is
deemed proficient.

Student exposure to training tasks can be variable due to instructor
differences and varying performance standards. In addition, each individual
pilot trainee exhibits variability in successive performances on complex
procedural and psychomotor tasks. This variability of skilled task perfor-
mance has been well documented (Fitts and Posner, 1968). Further compounding
this problem of inconsistent performance, the pilot trainee is transitioning
from a level of performance well below the required level to a required standard
of performance. This transition reflects different learning rates by the indivi-
dual pilot trainees. Learning rates are also highly variable within and between
individuals (Sidman, 1960). It is quite obvious that determination of asymptotic
performance commensurate with desired performance standards is difficult to
ascertain using the current practice.

PROFICIENCY GRADING SYSTEM

In a series of studies conducted by the Training Analysis and Evaluation
Group (TAEG) to determine the effectiveness of Device 2F87F (P-3 Operational

* Flight Trainer) in the FRS, the inadequacies of current grading procedures
were recognized (Browning, Ryan, Scott, and Smode, 1977; Browning, Ryan, and
Scott, 1978). To overcome these inadequacies, the TAEG instituted a "proficiency
grading system." The system provided a clearer picture of the trainee's flight
task performance in both simulator and aircraft training. The proficiency

* grading system still required a subjective judgment by instructor and check
pilots. However, the instructors graded task performance against a precise
standard: "P was defined as performance estimated to be equivalent to that
required to demonstrate competence in that task on the conventional FLY 6 check"
(Browning, et al., 1977, p. 20). This standard focuses on the required terminal
level of performance; i.e., the objective of training. Actual grading of per-

* formance was accomplished using a dichotomous scale. Task performance that
* met or exceeded the standard was recorded as "P"; task performance that did
i not meet the standard was recorded as I." The proficiency grading introduced
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by the TAEG h~d a further requirement. Performance was graded each time the
task was performed and this series of graded trials was recorded and kept in
the sequence of presentation. The procedure of grading each task trial as it
was performed eliminated the requirement for the instructor to make a summary
judgment of task proficiency based on pilot trainee performance of successive
task trials during a flight.

The performance standard used in the proposed system is defined as task
performance estimated to be equivalent to that required to earn an adjective
rating of "Qualified" and/or a numerical score of 4 on the Naval Air Training
and Operating Procedures Standardization (NATOPS) Program flight evaluation.
The proposed system uses the same proficiency grading procedure as discussed
previously. Although the grading procedure increases the precision, it does
not reduce several sources of variability in trainee performance; e.g., task
difficulty and learning rates.

The proficiency grading procedure results in a task performance or training
protocol for each task. Two hypothetical trainee records (protocols from the
same trainee) are shown in table 1.

TABLE 1. HYPOTHETICAL TASK PERFORMANCE OF ONE TRAINEE
FOR TWO DIFFERENT TASKS

Task Training Protocol

Task A llPlPlPPPlPP
Task B IPPPPPPPPPPP

It could be inferred that "Task A" is more difficult than "Task B" or it could
be inferred that the trainee is more proficient on "Task B" than "Ta-sk A."

Table 2 contains examples of trainee task performance protocols for two
different kinds of tasks and hypothetical task protocols for a trained pilot.
The pilot trainees exhibit different protocols initially (more l's" than
"P's") but the variability eventually will diminish. Learning rates differ
among tasks as shown by comparing Task A with Task B. During later
flights/sessions the protocols for the pilot trainee are not readily
distinguishable from those of a trained pilot. A procedural problem remains
in determining when task performance protocols for trainees matched the
protocols of trained pilots.

TABLE 2. COMPARISON OF HYPOTHETICAL TASK PERFORMANCE PROTOCOLS FOR
TWO DIFFERENT TASKS AND TWO LEVELS OF AVIATOR PROFICIENCY

Task/Aviator Training Protocol During Flights/Sessions

One Two Three Four Five Six

TASK A
Pilot Trainee 111 Pll 1Pi 1PP PPP PP
Trained Pilot PPPI PPP 1PP P P1 PPP

TASK B
Pilot Trainee 11 iP P PPP PP PP
Trained Pilot PP PPP P1 PP P PP
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The essence of the problem lies in assessing, with a specified degree of
confidence, the point at which proficiency has been obtained.

Several ways to deal with the problem were explored. Two approaches were
found in previous research concerned with proficiency assessment. The first
approach was to define arbitrarily the point at which proficiency was attained
by the following rule:

(1) over 50 percent of the trials (for a given
task) on any flight had to be "P" and (2) at
least 50 percent of the trials were-7 on all
subsequent flights (Browning, et al., 1978,
p. 23).

The second approach was used in the evaluation of the Initial Entry Rotary
Wing Flight Training Program by the Army (USAAVNC Evaluation Team, 1979). The
tasks were graded by daily performance rather than by individual trials;
however, the approach used to determine proficiency could also be incorporated

. with graded trials.

The point of principal concern was the
training day on which the student achieved
proficiency on each maneuver. Achievement of
maneuver proficiency was defined as that
training day on which the third successive
(+) grade on the maneuver was given the
student. That is, the student was required
to perform a maneuver in accord with
established USAAVNC standards on three
successive occasions before he was judged to
be proficient on that maneuver (USAAVNC
Evaluation Team, 1979, p. 21).

While both of the above approaches are logical, objective, and expedient,
they are faulty. Both require training protocols that include initial and
final levels of proficiency to make accurate performance determinations. In
other words, they are "after the fact" rather than predictive. Another flaw
is that an arbitrary number of "P" trials is not realistic across all tasks
due to differences in task difficulty. In addition, these approaches may not
accommodate situations where only a small number of training trials are given
or where there are wide differences in learning rates of trainees. Finally,
the instructor's judgment may be biased if he has knowledge of an arbitrary
decision rule.

PROPOSED APPROACH

SEQUENTIAL METHOD. Both of the above approaches require a sample of trials of
trainee performance before the rule can be applied. An alternate approach
would be to examine trials taken one at a time and accumulate the information
for input into the decision model (Hoel, 1971). Using this approach, one
would expect to be in a better position to make decisions than if no attempt
were made to look at the data until a sample of fixed size had been taken.

One sequential method that may be used as a means for making statistical
decisions with a minimum sample was introduced by Wald (1947). Probability
ratio tests and corresponding sequential procedures were developed for several
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statistical distributions. One of the tests, the binomial probability ratio
* - test, was formulated in the context of a sampling procedure to determine

whether a collection of a manufactured product should be rejected because the
proportion of defectives is too high or should be accepted because the
proportion of defectives is below an acceptable level. The sequential testing
procedure also provides for a postponement of decisions concerning acceptance
or rejection. This deferred decision is based on prescribed values of alpha
(a) and beta (B). Alpha (a) limits errors of declaring something "True" when
it is "False"" (Type I error). Beta (B) limits errors of declaring something
"False" when it is "True" (Type II error).

IP an industrial quality control setting, the inspector needs a chart
similar to figure 1 to perform a sequential test to determine if a
manufacturing process has turned out a lot with too many defective items or
whether the proportion of defects is acceptable. As each item is observed,
the inspector plots a point on the chart one unit to the right if it is not
defective, one unit to the right and one unit up if the item is defective. If
the plotted line crosses the upper parallel line, the inspector will reject
the production lot. If the plotted line crosses the lower parallel line, the
lot will be accepted. If the plotted line remains between the two parallel
lines of the sequential decision chart, another sample item will be drawn and
observed/tested.

This sequential sampling procedure decision model has been previously
used in educational and training settings. Ferguson (1969) used the
sequential test to determine whether individual students should be advanced or
given remedial assistance after they completed learning modules of
instruction. Similarly, Kalisch (1980) employed the sequential test for an
Air Force Weapons Mechanics Training Course (63ABR46320) conducted at Lowry
Air Force Base, Colorado. Results from both applications of sequential
testing indicate greater efficiency than for tests composed of fixed numbers
of items. It appears sequential testing may substantially reduce testing
time. It should be noted that in the industrial quality control setting,
sampling occurs after the manufacturing process. In the educational and
training applications cited above (Ferguson, 1969 and Kalisch, 1980),
sequential sampling occurred after the learning period. In the proposed
system, the sequential sampling occurs during the learning period and
eventually terminates it.

MODEL PARAMETERS. The decision model can be described as consisting of
decision boundaries. Referring to figure 1, the parallel lines represent
those decision boundaries. Crossing the upper line, or boundary, results in a
decision to "Reject Lot"; crossing the lower line, or boundary, results in a
decision to "Accept Lot." In the proposed system, these decision boundaries
translate to "Proficient" and "Not Proficient." Calculations of the decision
boundaries require four parameters. These four parameters are:

P1  Lowest acceptable proportion of proficient trials (P) required
to pass the NATOPS flight evaluation with a grade of
"Qualified." Passage of the NATOPS flight evaluation is
required to be considered a trained aviator in an operational
(fleet) squadron.

P2  Acceptable proportion of proficient trials (P) that represent
desirable performance on the NATOPS flight evaluation.
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Alpha (a) The probability of making a TYPE I decision error (deciding a
student is proficient when in fact he is not proficient).

Beta (B) The probability of making a TYPE II decision error (deciding a

student is not proficient when in fact he is proficient).

Parameter setting is a crucial element in the development of the sequen-
tial sampling decision model. Kalisch (1980) outlines three methods for
selecting proficient/not proficient performance (P2/Pl values) as:

Method 1--External Criterion. Individuals are
classified as masters, non-masters, or unknown
on the basis of performance on criteria
directly related to the instructional
objectives.

Method 2--Rationalization. Experts in the
subject area who understand the relation of
the training objectives to the end result;
e.g., on-the-job performance, select the P2
and Pl values to reflect their estimation of
the necessary levels of performance.

Method 3--Representative Sample. The scores
of prior trainees, who demonstrate the entire
range from extremely poor to exemplary
performance on objectives, are used to
estimate P2 and pl.

Selection of values for P1 and P2 for the proposed decision model incorporated
Method 1 for setting of P1 and Method 3 for setting of P2 .

The selection of alpha (a) and beta (B) should be based on the
criticality of accurate proficiency decisions. Small values of alpha (a) and
beta (B) require additional task trials to make decisions with greater
confidence. Factors that are important in selecting values for alpha (a) and
beta (B) are outlined below:

1. Alpha (a) values

a. Safety--potential harm to the trainee or to others due to the
trainee's actual non-mastery of the task.

b. Prerequisite in Instruction--potential problems in future
instruction, especially if the task is prerequisite to other
tasks.

4 c. Time/Cost--potential loss or destruction of equv.(.ent either in

training or upon fleet assignment.

d. Trainee's View of the Training--potential negative view by
trainee when classified as proficient although the trainee

lacks confidence in that decision. Also, after fleet
4 assignment if previous training has not prepared him

sufficiently the trainee may also have a negative view of the
training program.

987



2. Beta (B) values

a. Instruction--requirement for additional training resources
(personnel and materials) for unnecessary training in case of
misclassification as not proficient.

b. Trainee Attitudes--the attitude of trainees when tasks have
*" been mastered yet training continues; trainee frustration;
* corresponding impact on performance in the remainder of the

training program and fleet assignment.

c. Cost/Time--the additional cost and time required for additional
training that is not really needed.

Alpha (a) and beta (B) values used in the proposed decision model were
arbitrarily selected as .10. A confidence level of 90 percent in decisions
made by the model appears reasonable when the previously discussed factors are
considered. As rigorous field testing of the model is conducted, these
parameters may be modified as indicated by empirical evidence and command
policy. At present, values of .10 appear quite reasonable. After the model
parameters have been selected, calculation of the decision boundaries may be
accomplished using the Wald Binomial Probability Ratio Test.

To illustrate the differences in task difficulty, two tasks were selected
from the HS-1 training syllabus, and the decision models for these tasks were
calculated. To further show how the decision models serve to aid in making
profic ency decisions, task protocols of a pilot trainee are imposed on the
model.1  Figure 2 shows the model for the task "Running Takeoff," and figure 3
shows the model for the task "Free Stream Recovery."

Empirical data reflect a relativ2 difference in task difficulty. The
sample of NATOPS evaluation scores indicates the proportion of "Qualified"
scores on the Running Takeoff task was .92, while the proportion of "Qualified
scores on the Free Stream Recovery task was .77. This relative difference in
task difficulty is represented in the model as differences between the slopes
and the widths between the parallel lines of the two models. In the case of
the Free Stream Recovery task (figure 3), the slopes are less steep
(indicating more trials to reach proficiency) and the parallel lines are
farther apart (indicating there will typically be nore uncertainty about
individual trials before a decision can be reached).

In these examples, the probability of making decision errors (both type I
and type 11) as indicated earlier was set at .10 for both tasks. If this
level of confidence was increased (lower values of alpha (a) and beta (B)),
the region of uncertainty would also increase. The overall result is that
more trials are required to make a decision with increased confidence.

Both models, then, reflect rather well the true state of affairs between
different tasks and their impact on a rational decision process. The dif-
ferences in task difficulty relate directly to differences in the model
parameters.

1Actual trial data for a pilot trainee undergoing training at HS-l, NAS
Jacksonville, FL.
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Figures 2 and 3 also show the decisions reached by the model on student
performance. The student received a total of eight trials on the Running
Takeoff task during the training program. The sequence of graded trials and
the graphical plots of the sequence are shown in figure 2. The first two
trials were judged to be below the standard of performance. On the second
trials the decision model indicated the student was "Not Proficient" and
logically should be given remedial or additional training. The sequence is
initiated again on trial three, and on the fourth trial of that sequence (sixth
trial given) the model decision was "Proficient."

Figure 3 shows the protocol for the Free Stream Recovery task. Perhaps
because of slower acquisition of a more difficult task, two decisions were
made declaring the student "Not Proficient" in the earlier sessions of task
exposure. The model does show that more task trials were required before a
decision could be made about proficiency. This can be attributed to increased
task difficulty and variability of performance.

PLANNING FOR IMPLEMENTATION

A study is currently underway to test the concept at the East Coast SH-3
FRS, HS-1, NAS, Jacksonville, Florida. The study is broadly planned as follows:

1. identify a syllabus of specific training tasks

2. establish proficiency decision model parameters from prior data
collected at HS-l

3. train instructors to render performance judgments on task trials;
i.e., was performance a "1" or a "P"?

4. collect data on each trainee's task performance by trial

a. The current decision model (unique to each instructor) will
determine when to terminate training the task.

b. Instructors and training managers will have no knowledge of
models decisions regarding task proficiency.

5. analytically compare the models using final performance criterion
(NATOPS flight evaluation performance)

6. make recommendations as to feasibility.

Assuming the results of the study are promising, it will be desirable to
look toward incorporating or designing a CMI system for which these models are
readily amenable. Implementing the proficiency determination concept advanced
in this paper can only be done efficiently with on-line computer support. The
work of Ferguson (1969) and Kalisch (1980) would have been virtually impossible
without on-line computer support. Also planned are future efforts to determine
the range of applicability to other FRS settings.

POSTNOTE:

For a fuller description of this work see Rankin, W. and McDaniel, W.
Computer Aided Training Evaluation & Scheduling (CATES) System: Assessing

. Flight Task Proficiency. TAEG Report No. 94. December 1980. TAEG, Orlando,
FL 32813 (AD A095007)
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Roll, Charles Robert, Jr. and Berger, B. Michael, Selective Service System,

Washington, D.C.
JI

"Traffic Cop" - Automated Prediction and Control of Registrants to
AFEES

iPossible military mobilization poses significant problems associ-
ated with peacetime planning for and mobilization processing of induc-
tees through Armed Forces Examining and Entrance Stations. ?Traffic
Copt is an automated process which predicts, in peacetime, the likely
flow of registrants at various levels of induction call, and permits
control of the actual registrant flow following mobilization.

9 Since shutdown of the entire system is possible due to regional
bottlenecks, Selective Service and the Military Enlistment Processing
Command (MEPCOM) must be able to allocate resources and "swing" induc-
tees to larger AFEES if workloads exceed station capacities.

-The presentation discusses the likelihood of overloading AFEES
based upon induction call levels and AFEES rated capacities. The
methodology of the flow prediction in the OTraffic Cop? model is
explained as is the method for identifying 'swing# AFEES and shifting
the workload via the computer

"The mechanics of issuing the induction call via Mailgram, and
the lead-time for decision-making on registrant flow are discussed.

Computer graphic outputs demonstrate the utility of the system
for planning and operational use. The presentation Loncludes with a
discussion of the installation of the model on main and mini-computers
in the Selective Service/MEPCOM network.
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Mobilization Planning & Control

A Model for the Selective Service System

by

Charles Robert Roll, Jr.
Policy and Management Planning Group

Science Applications, Inc.
&

B. Michael Berger
Analysis and Evaluation Division

Selective Service System

I NTRODUCT ION

During a mobilization, the military services must be
quickly augmented to provide the military capabilities required
for the defense of the nation. Volunteers cannot be depended
upon to meet all of these manpower requirements. Thus, the
Director of Selective Service is charged with providing the
Department of Defense with enough inductees on appropriate days
to fill the balance of training base requirements.

In doing this, Selective Service is charged with
--.. maintaining a uniform national call so that the burden of

conscription is distributed equitably among those eligible for
induction. While a lottery system has been chosen to make the
sending of induction notices "uniform," uniformity also
requires that proper priority be given to individuals in
processing, and that no significant processing backlogs
develop. If such backlogs develop and induction does not
proceed at a pace such that inductees with the same lottery
numbers are processed at similar times, then the system may
face a challenge to the process of induction call. This
dimension of responsibility for the Selective Service System
requires its involvement in all policy decisions related to
mobilization planning and processing. Selective Service must
be prepared to adjust its induction calls to account for the
variations in AFEES processing capacity, must add in the number
of "no shows," conscientious objectors or rejected inductees,
and further consider the ability of the military training
facilities to absorb the number of inductees which cui. be
provided.
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This paper describes two distinct models: one for
planning, a second for control.* The planning model is used
prior to a mobilization to assess policy alternatives and to
test the sensitivity of the mobilization plan to respond to
various uncertainties inherent in a mobilization. The control
model is used for real-time adjustment of planned actions once
a mobilization and draft have begun. While the basic
processing procedures in each of these models will be the same,
the control model differs from the planning model in that it
focuses on the actual daily experiences of the operating
induction and processing systems and thus requires a data
monitoring capability.

THE PLANNING MODEL

The planning model is the first stage in simulating
mobilization flows. It keeps track of the number of
individuals in all parts of the mobilization system from the
issuance of draft notices or contacts with a recruiter through
shipment of qualified individuals from AFEES. The planning
model serves as the starting point for the control model
described in the next section. The planning section contains
many control-related aspects in order to maintain manpower
shipments to training bases at the desired levels.

This section describes how the model is used to capture
the anticipated flow and the options in the model for modifying
the flow. A flow chart of the model is presented, then each
part of the model is described.

FRAMEWORK OF THE PLANNING MODEL

Figure 1 describes the processing flow of the planning
model. Data is input both from a file on disk and through
interactive query by the user. Some of the large data arrays
are initialized at this point. Part of this information
establishes the first day of mobilization. Data is transformed
into week-day and day-of-the-year format by a perpetual
calendar subroutine. Individuals in DEP (Delayed Entry
Program) pool are scheduled into the AFEES during the first
thirteen days of mobilization.

* The details of these models and the basis for this paper

may be found in Bruce Wm. Bennett and Charles Robert Roll,
Jr., Selective Service Mobilization Planning and Control,
Scienci Applications Incorporated, July 1981.
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The remainder of the model works on a day-by-day basis.
Each day, the size of the induction call required in the next
13 days is determined, then various administrative areas are
set-up for the induction notices to be sent that day. Flow
processing is then run for each AFEES. First, the responses to
induction notices sent ten days previously are determined,
indicating the number of induction candidates that have arrived
at each AFEES or have taken some other action. The priority
pools, those postponed to a specific data, are updated to
include those who have been denied deferments or postponements,
and those whose postponements have ended (such as students who
have completed a school semester). Based upon these priority
pools and the general pool cf registrants, induction notices
are "issued." The final, flow process step takes any unplanned
AFEES capacity for 10 days hence and schedules in CO
(Conscientious Objectors) applicants for early processing
before adjudication of their CO request.

After the basic flows have been determined for each AFEES,
the model looks across all of the AFEES to determine those
which are overloaded and cross-ships some of the men they are
scneduled to process to an AFEES that has excess capacity. It
is important to note that we define a group of individuals in
eacn AFEES that are candidates to be "swung" to AFEES other
than their home AFEES. Individuals in these "swing" areas are
those who satisfy certain maximum distance criteria in terms of
distance to their home AFEES and contiguous AFEES rejions.
Volunteers are then scheduled for AFEES exams 16 days he;ice or
more. The AFEES/local draft board processing is performed on
an AFEES-by-AFEES basis. The summary data for the model are
printed, the day incremented, and the day-by-day analysis begun
again. This process continues until 180 days of processing
have been completed.

THE CONTROL MODEL

Early in the planning of this research effort, it was
anticipated that the planning and control models would be
similar. Moreover, as work progressed, it became clear that
the planning model was going to require significant "control"
components in order to match appropriate training shipment
requirements and, that the control model would, in any case,
require almost exactly the same framework as the planning
model. At the same time, it was recognized that in some sense
two versions of the control model existed, though the

differences between them were slight. In the first, the
statistics being monitored (such as induction call response
rates) are supplied as rates reflecting the use of the model in
a planning or exercise evaluation mode. The second version of
the model, to be used in an actual mobilization, uses actual
counts of people as inputs to calculate actual rates.

997



Obviously, the only real difference between these two versions
is the type of data used, and the extra step of converting
numbers into rates.

Because the planning and control models are implemented in
the same computer program, the description of the planning
model above describes fairly completely the control model as
well, and we simply note the major differences below.

In the planning model, it is assumed that the ooserved
("real") rates and other factors will be the same as the
planning factors used in the model, and thus there is nc need
to monitor the rates as time goes on. In both versions of the
control model, it is recognized from the beginning that
observed rates and factors will vary, potentially by large
amounts, from the factors initially used for planning purposes.
Therefore, the observed values are monitored and used to modify
the planning lactors so that the model is as responsive as
possible to the situation encountered. Further, it is
recognized that the actual factors and rates can change over
time, and thus the monitoring process cannot simply be done
early on or on a cumulative basis; rather, continuous
monitoring and updating of planning factors is required.

To this end, the control model establishes a monitoring
function for the most important rates and factors. These
include the induction notice response rates and the rates
associated with AFEES processing of COs, induction candidates,
volunteers and those coming from DEP. These factors are the
rates used in the planning and control process, and thus the
essential values to know in order to schedule properly over
time. It is also important to note the program is set up to
handle the input observed rates as average values, and to
sample around those values in a way that reflects the
variations tnat should be expected in any set of observed data.

APPLICATIONS

Space limitations preclude an examination of particular
model simulations, and therefore we now turn to some more
general applications of the concept of using essentially
similar models for both planning and control purposes. The
mobilization planning and control models were developed to
manage the control of volunteers and inductees to the AFEES,

* however, there are other applications for the model within the
training and personnel management communities.

For example, while the model deals with AFEES input, it
can also be applied to AFEES "output" or the planning for and
control of trainees into the training bases. Just as the model
describes "swing" AFEES, it would be possible to apply these
techniques to service schools or programs of instruction within
service schools. As the predictor model identified the
approach of training or course capacity limits, the model could
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recommend alternatives (swing schools or courses) which would
take maximum advantage of AFEES outputs by location. An
example which considers only the flow of inductees might
predict an overload at a particular Army training facility and
recommend such actions as shifting personnel to another base
offering the same training, shifting personnel into an
alternative training program, or even reallocating inductees to

another service which has excess training capacity. The model
could take into account such factors as date of departure from
the AFEES, the most economical shipment of trainees, and might
even be expanded to consider results of mental examinations or
other variable offering a prediction of success in training.
Since the model works "in advance" of actual AFEES processing,
some means of predicting the likely performance by personnel
being processed at each AFEES might be necessary. Assuming
some reasonable level of homogeniety among the population
processing through a given AFEES, this form of prediction
should not be beyond the capabilities of the system.

A second application involves management of the
occupational structure itself. Using the "swing" concepts, one
could envision prediction and control of training outputs using
the concept of cross-leveling adapted for the mangement and
control of trainees through AFEES and the training base.
Again, applying the predictive capabilities of the system, one
could input military skill requirements (either uni-service or
multi-service) in terms of predicted need for replacements, new
units, etc., and manage the entry of volunteers and inductees
into training programs which would provide the desired outputs.
As training seats in a given specialty reached "overload"
levels, the model would "swing" trainees into best
alternatives, either at the same or another training location.
If the demand was for personnel with only "basic training"
skills, the model might even provide opportunity for
cross-leveling between military services. While this is
certainly a radical departure from traditional uni-service
military personnel management concepts, it is possible that a
future mobilization will require optimum flexibility in
personnel resource management. The mobilization planning and
control models discussed in this paper offer some potential for

L development of innovative approaches to the military manpower
problem.
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HUMAN APTITUDE ABILITY ASSESSMENT TECHNIQUES

FOR SYSTEM DESIGNERS

BAD PO01368

Paul G. Rossmeissl, Stanley J. Kostyla and
James D. Baker

US Army Research Institute
Alexandria, Virginia

ABSTRACTKi
Modern weapon systems are increasing in sophistication and man-machine

interface complexity, while the manpower pool to operate and maintain these
systems is decreasing in terms of both numbers of individuals and the apti-
tudes, abilities and skills those individuals bring into the Army. This
situation leads to the necessity of considering human resources as a parameter
of weapon system design, but such an effort is severely handicapped by a lack
of efficient and reliable techniques that can be used by designers to estimate
the human resource implications of their designs. The Army Research Institute
(ARI) is currently pursuing a research program to develop a human aptitude/
ability assessment technique for use during weapon system design. The basic
approach is a taxonomy similar to that developed by Fleishman but computerized
for greater efficiency and with heavier emphasis on cognitive factors. Re-
search concerns within this project include: whether a branching or an
exhaustive assessment technique is more effective, what is the appropriate
level of analysis jobs or tasks, should the method of qualitative analysis be
discrete or continuous, and what is the effect of having different types of
users of the assessment procedures.
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HUMAN APTITUDE ABILITY ASSESSMENT TECHNIQUES
FOR SYSTEM DESIGNERS

by

Paul G. Rossmeissl, Stanley J. Kostyla and
James D. Baker

US Army Research Institute
Alexandria, Virginia

I. INTRODUCTION

The Army presently has a weapon system modernization program underway
which is so large in scale that even the former head of the Army Force Moderniza-
tion Coordination Office, General Lawrence (1979), has voiced concern about the
Army's ability to absorb the impact of this "bow-wave of modernization."
Unfortunately, this modernization program is taking place in a period of a
severely constrained resource, namely, a people constraint. We know from
census data (Bureau of the Census, 1977) there will be fewer 18-24 year olds
between 1980 and the late 1990s, so the Army can expect persistent shortages of
qualified recruits to operate and maintain these technologically advanced
systems. As a consequence, the Chief of Staff of the Army, General Meyer, is
quoted as saying that we have become a hollow Army, principally because of
manpower shortages, (National Review 1980). While the sharp decline in the
size of the future pool can hardly be questioned, there has been a good deal of
controversy regarding a similarly sharp decline in the quality of both the
recent military accessions, and conceivably, the future military manpower pool
(Rimland and Lawson, 1980). Numerous examinations are now underway to assess
this particular "supply-side deficit." For example, the opening panel of this
23rd Annual Conference of the Military Testing Association is entitled: "Pro-
filing the Aptitudes of the Current Mobilization Population." In all, there
is a growing concern among the manpower, personnel and training (MP&T) community,
that when we finally know the true dimensions of the quality issue, and couple it
with the known quantity shortfall, the bow-wave of modernization may in reality
be a tsunami.

The problems of human resource supply and demand considerations during the
force modernization program are further aggravated by the increasing sophistica-
tion and man-machine interface complexity. The long-term impact of this increase
in complexity is not fully understood but preliminary studies (i.e., Kerwin and
Blanchard, 1980; GAO Report 1981) suggest that increasing the sophistication of a
weapon system often leads to an increase in the skills and abilities of the
people required to operate and maintain that system. Since it appears that these
highly skilled individuals may be in particularly short supply it 

is possible

that sufficient quantities of individuals with the required aptitudes, abilities,
and skill levels will not be available to effectively operate, maintain, and
support the new and developing weapon systems (Kerwin and Blanchard, 1980).

Anticipating what the world will be on the supply-side, it becomes
imperative that we work toward producing a detailed picture of the demand-side
characteristics. In the past, skilled manpower for military systems were pro-
vided after hardware was delivered to the military unit. Personnel selection
and training was accomplished as a form of reaction to the demands of the
equipment. Today, because of the problems cited above, there is a dire need
for human resource planning which will permit us to predict manpower
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requirements during system development. Success in doing this will permit us to
compare supply to demand and allow us to use human resource data as criteria in
system design. Such data will provide us the means for making judgments about
(a) the impact of design alternatives on our human resource pool, as well as
(b) judgments about the constraints our human resource pool imposes on design
alternatives (Askren, 1976). Let us take a moment here to briefly sketch-in
how this might be done and to highlight a critical problem which must be over-
come if we are to achieve this goal.

System design begins with a statement of purposes for the system; one or
more "missions" the system is expected to perform. The purposes set the stage
for the derivation of what the system's characteristics will be, i.e., mission
profiles. Following the determination of system requirements and mission pro-
files, a functional analysis is undertaken which attempts to allocate functions
between men and machines (see Figure 1). The traditional method for allocating
functions between men and machines is to consider the relative superiority of
the machine (e.g., microsecond response times; precise performance on boring,
repetitive operations, etc.) or the human component (e.g., handling unanticipated
occurrence; ability to reason inductively, etc.) in performing a particular
function and assign that function accordingly.

* PRESENTLY POST HOC
* AD HOC DEVELOPMENT REQUIRES:

FUNCTIONAL TRADEOFF ANALYSES WHERE:
MAN MACHINE I OF ALL FUNCTIONS = SYSTEM

fl ------- f2 I OF MAN FUNCTIONS - JOB

f3
f5 -- ------ f4

0 FUNCTIONS BROKEN OUT INTO TASKS WHERE:
fl 9 TASK SEQUENCE IN CLUSTERS

A'' F -.T I OFT'S =f
Ti Ta 3a

Tb 3b
Tc 3c

3d

FUNCTIONS BY TASKS BY SKILL LEVELS = JOB PROFILE
* JOB PROFILE OVERLAYED FOR BEST MOS FIT + ALTERNATIVES

SKILL LEVELS ADDRESS APTITUDE/SELECTION REQUIREMENTS

Figure 1: Graphic illustration of how functional allocation/tradeoff
analysis data leads to task analysis which, in turn, provides a basis,
early in system design for MOS best fit and/or skill level determination
and/or aptitude/selection requirements.

Given the specification of the functions to be performed by the man in

the system, it is now possible to break down the functions into component tasks.
The classic definition of task is that of Miller (1953): "A group of discrimina-

4 tions, decisions and effector activities related to each other by temporal
proximity, immediate purpose and a common man-machine output." The elements of
a task are, therefore, the stimulus to the operator, which triggers performance
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of the task, the required response to that stimulus (i.e., the performance
criterion), a procedure for performing the response (which includes the equipment
to be utilized for performing the task), and a goal or purpose (mission element)
that organize the whole.

Now it merits comment that even though the designer routinely goes through
a functional allocation/task analysis procedure in the front-end design process,
these data typically are not used (although they could be) as detailed input

i" for early MP&T considerations. Data, usually at the functional level, may be

considered late in the life cycle of the system (Milestone II and beyond), to
provide a reasonable estimate of the quantity of people the system will require,

but these data contribute little to the quality determinations. Usually a post
hoc determination is made in terms of military occupational speciality (MOS)
requirements (quasi-qualicy determination) with only a "guestimate" of skill

requirements (e.g., in terms of grade E-4, E-5, etc.). Numbers of people, by
MOS and grade level, are thus selected in a somewhat "artistic" post hoc fashion.
What is needed is a refined technique for making ad hot determinations. This

overall relationship is briefly summarized in Figure 1.

One way to achieve this goal is to use the early functional/task analysis
data to provide a "Job profile." This job-profile could then be overlayed on
multiple MOS profiles to provide best, and alternate fits. But to the extent
that the new job does not overlay precisely on an extant MOS, we are faced with
a crucial problem.... in the words of Meister (1976): "How does one derive from
task characteristics, guidelines for operator selection and training and for
prediction of operational performance?" He goes on to say (p. 101): "Despite
written guides, the derivation of selection and training requirements is still
largely an intuitive process.

What follows is a description of our attempt to resolve the problem of

translating functional/task analysis data into behavioral components, such as
aptitudes and skills, and to remove this process from the intuitive realm of
art and to attempt to transform it into a behavioral science.

II. BASIC APPROACH

As part of its investigation into the broad range of manpower, personnel,
and training (MP&T) issues in weapon system acquisition, the Army Research
Institute (ARI) is currently pursuing a research program to develop a technique

that can be used by system designers to estimate the human resource implications
of their designs. This effort entails the development of a computer-based

assessment procedure to aid in identifying and quantifying estimates of the

human aptitudes/abilities of projected tasks implied by system design concepts.

One of the first problems encountered by this project was the realization

that there is no uniformly applied term referring to the human attributes under

Investigation. This problem is illustrated in Figure 2. Not only do different

researchers, in this cnse Dunette (1976) and Fleishman (1975), use different

terms to describe similar or equivalent concepts, but similar or identical

terms are often used to describe distinct concepts. Thus, while Dunette uses

the term ability to refer to a fairly specific cognitive trait, Fleishman uses

the same term to refer to a general trait that can be either cognitive or

physical.
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DEFiIItONS

DOMAIN
CENERAL COCNITIVE/PERCEPTUAL PHYSICAL/ OTOR

VERBAL EXPRESSION MANUAL DEXTERITY

APTITUDE (DUNETTE) SKILL (DUNEMr)

PUBLIC SPEAKING HAMMER A NAIL
ABILIT (DUNELTT). SKILL (DOnrETr)

SPCFCSKILL (rM, SHMN) SKILL (FMISHMAN)
-- SPECIFIC

figure 2: Definitional discrepancies vthin the realm of huan resource
requirements.

To try to minimize this confusion, it was decided to use the term aptitude
to refer to the human resource traits of interest and then systematically
define what is meant by the term. Aptitude will be used to refer to a general
characteristic of an individual that affects his or her performance on a task
or set of tasks. Aptitudes are assumed to be the result of a multitude of
factors and therefore, are enduring traits that are difficult or impossible to
alter through cost-effective training. Consequently, aptitude requirements
should be of crucial consideration during weapon system development since any
-discrepancy in aptitude between the manpower required by a system and the
personnel available to operate and maintain that system will be very difficult
to overcome.

The basis or starting point of the current approach to the analysis of
aptitude requirements is the extensive research of Fleishman (1972, 1975) in
the identification of basic human aptitudes or abilities and their relationship
to performance on a wide range of tasks. A particular advantage of using the
Fleishman approach is that his basic procedure has been extended (Mallamad,
Levine and Fleishman, 1980) to utilize binary decision-flow diagrams to assist
in identifying the aptitude requirements of jobs and tasks. These decision
flow-diagrams are structured in a binary (yes, no) format to reduce the infor-
mation processing and decision-making demands on the analyst. The diagrams
(see Figure 3) contain information relating to critical characteristics of an
aptitude that suggest either its presence or absence and help differentiate
that aptitude from similar aptitudes. A yes/no decision is required at each
node in the decision flow structure. To aid in these decisions a list of task
examples which are relevant to the aptitude in question is provided at each
decision point. The diagrams function to determine the presence or absence of

1005



1I person s body U

Is being supporte¢

todoetnieels-o 100h sthe-

ong sed we
tir sthe mTRN

pesoSTn's b :

Doesght s e.g. -25-u push-ups

Fig retuere 3: pen seto odd
an-attu judged t e ary ot a O

ca hn bero f e sp ie e byn r an s s
tNe rt de t efris d

et l, 98; Sege, erg. andSeian-u180 in a prcdr thatNcaH

D gettCPEeIZe D ATTE r
Teqirs the psof t hairo uto -xetwimsl-D 100 sit

-log peio ofl -Leanbc

-ti wtthGy n Assoia b
accirc ndefc ln. s ysmi

* display and off-the-shelf mic romute opnns. Teds-asdsfwr

* wrewil onistr of trele basi eleentso : ah binary dec isi fon low kelta

-Swim1006

'Fiused 3o Anntf hex elatv of eveltio of th biary iionar ap idereuird

[ perform a given job or task. -

::. The present developmental effort is designed to build and expand on the":
results of Fleishman and others in developing an aptitude oriented taxonomy

" that can relate tasks to their aptitude requirements (Fleishman, 1975; Mallamad .
et al, 1980; Siegel, Federman and Welsand, 1980) in a procedure that can -
easily be used by weapon system designers.(

. 111. COY2UTERTZED APTITUDE ASSESSMENT

" The first phase of this project, currently being developed in conjunction
wivth McFann ray and Associates, will result in a research tool based on

• Fleishman's structured procedure mentioned above but computerized for greater :
! accuracy and efficiency. This system will utilize a standard portable CRT
- display and off-the-shelf microcomputer components. Thedise-based software"
"" will be in modular format in both its initial and upgrade versions. The soft-

ware will consist of three basic elements: a binary decision flow skeletal
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DELAY 7OLERANCE

This scale is a measure of how much delay work perforrance
can be tolerated between the time the soldier becomes aware

that the work mist be performed and the time he must begin
doing it. ust the soldier begin ImmediatelY, or does he

have time to consult a manual, seek guidance. or even be

taught to do It? The work Is to be rated on a scale from-

1 (Very Long Delay Tolerance) to 7 (Very Short Delay Toler-

ance) with Intermediate levels defined as follows:

How much delty before performing
the job Is acceptable?I Very short delay (e.g., deploy a reserve

parachute, pull a victim from the water.

and extinguish a fire).

S

4 Average delay (e.g., decode classified
messages and navigate from one point to
another In a cwabt zone).

3

Very long delay (e.g.. research documents
and plan Inspections).

Figure 4: An eziple of an aptitude rating scale (from Flalshuen, 1975).

structure, the capability for a variety of types of rating scales and task
examples, and data aggregation, processing, reduction and analysis routines.

The immediate goal of the project is to refine this aptitude assessment
methodology and to adapt its use to an Army environment. Initially this will
entail the redefinition of the task exemplars and rating scale anchors to

render them more appropriate to Army tasks. Other developmental considerations
thatwill be addressed are outlined in Figure 5 adapted from Siegel et al
(1980).

The research issues during the initial phase of development will be
concerned primarily with structural and procedural variables such as rating
scale format, rater variability, and task and job descriptions. The develop-
ment, refinement and adaptation of the aptitude assessment technique will
gradually shape the instrument to its dual function as a computer-based
decision aid for system designers and a research tool for further analysis of
the human aptitude/ability requirements of Army jobs and tasks.
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Raliability--the scheme should be amnable to psychometrically
reliable data acquisition methods.

Validity--the showe should be based on acceptable construct&
relevant to Army Job content, arnd seem reasonable to the Arxy
users.

Practicality-the scheme should be relatively simple to apply
and Interpret and should not placa undue time requirements an
operational personnel.

Sc.labillty-ths technique should allow for the assignment of
a magnitude valus to the eatimae of aptitude requirements.

Onderstandability-the scheme must be readily apparent and corn-
prehenuibla to Army users.

Combtabilty-the scheme should be fully compatible with the
Army task structure.

Comprehensiveness, generality, and flexibilty-the scheme
should be applicable to the full tange of tasks involved In
Army jobs.

Coat-effective--the taxonomy should have characteristics that
permit It to be embedded within a scheme that Is relatively In-
expensive to employ.

Figure 51 Developmental conisiderations.

Eventually this project should result in a reliable and efficient technique
for use during the early stages of weapon system development as an aid to the
system designer and developer in assessing the aptitude requirements associated
with the operation, maintenance, and support tasks implied by new equipment
design. Successful adaption and use of the assessment aid will help to identify
potential areas of excessive demand on human capability and performance. Also,
the aid will be useful in the development of aptitude profiles similar to the
1405 task derived classification scheme.

IV. ADDITIONAL INPUTS

The long range value and utility of the project briefly described in this
paper will be enhanced by the results of a number of related research efforts

currently under way. Among these is the renewed interest in the investigation
of the relationship between human aptitude and human performance (Christal,
1980; Imhoff and Levine, 1981). While there has been extensive effort and some
success in attempting to relate pencil and paper aptitude measures to training
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and ultimately to field performance, there has been very little effort devoted

to the examination of aptitudes, training, and performance relationships

especially in the area of cognition. A greater understanding of these relation-

ships will contribute greatly to the further development of task taxonomies for

use in interpretation and prediction of human performance (Fleishman, 1975).
Collateral efforts in the development of improved techniques for the translation

of system design specifications to functional requirements, and operator and
maintainer tasks will contribute to our understanding of the impact of material

design characteristics on the human resources in terms of the aptitudes and

skills required of those tasks.
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AD P001369

Rumsey, Michael G., US Army Research Institute for the Behavioral and
Social Sciences, Alexandria, Virginia. (Thurs. P.M.)

Race Influences on Peer Ratings in ROTC Training Platoons

This study examined the influences of rater and ratee race on
peer ratings of 4604 white and 884 black cadets distributed between
three regional Army ROTC training camps. Blacks and whites were found
to each give consistently higher ratings to their own subgroup than to
the other, a tendency which was exacerbated when the minority subgroup
judgments were particularly discrepant from the platoon judgments. The
possible applicability of the concept of "race-bounded" friendships to
these findings is considered. The pattern of black-white differences

* on peer ratings paralleled the pattern of such differences on other
Advanced Camp measures.
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RACE INFLUENCES ON PEER EVALUATIONS

IN ARMY ROTC TRAINING PLATOONS

Michael G. Rumsey

US Army Research Institute
for the Behavioral and Social Sciences

Two recent literature reviews have presented a strong case for the utility
of peer assessments. In their review, Lewin and Zwany (1976, p. 430) concluded:
"In summary, peer evaluations are valid tools for predicting future success and
are superior to all other measures available at the time of rating." Kane and
Lawler (1978), reviewing a long list of studies reflecting positively on the
validity of peer evaluations, suggested that the time for widespread operational
use of this technique in work settings is at hand.

The growing enthusiasm for peer evaluations is understandable and, in a
sense, overdue. Research on such evaluations has been conducted for many years,
particularly in the military, with generally favorable results. Peer evaluation
has been shown to have validity for predicting a variety of criteria, including
future officer performance (Haggerty, 1963) and promotion (Downey, Medland, &
Yates, 1976).

There are a number of reasons which may account for the favorable results
associated with peer assessments. While other types of evaluators may be
exposed to a limited sample of an individual~s behavior, peers have the
opportunity to observe performance in a wide variety of situations. Generally,
peer evaluations also offer the opportunity to pool the observations of a
substantial number of raters, an opportunity not inherent in other types of
evaluations. This pooling has two fortuitous consequences: first, it operates
to expand the behavioral base for the final rating and secondly, it reduces the
impact of idiosyncratic rating tendencies associated with any given evaluator.

Kane and Lawler (1978, p. 555) suggested two reasons why, despite the
empirical support for peer evaluation, its use in operational evaluation
systems has historically been rather limited. One is the apparent confusion
between peer assessment and sociometry, a procedure emphasizing personal
preferences rather than evaluations of performance. The other is "the failure
to recognize the need for its use." Were these the only bases for reluctance
by managers to use a peer evaluation system, we might indeed expect that such
reluctance would soon give way. However, I would suggest that there are a number
of additional reasons, many of them associated with factors which could
potentially compromise the accuracy of peer assessments. Peers typically have
minimal training and experience as evaluators and may well have a personal
involvement in the outcome of the evaluation process. Thus, they may be more
susceptible than other evaluators to the influences of assessee characteristics
which are fundamentally irrelevant to the evaluator's task. A companion paper
(Rumsey, 1981) has examined the influence of one such characteristic, assessee
gender; the present paper examines the influence of another, assessee race.
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A number of studies (Cox & Krumboltz, 1958; DeJung & Kaplan, 1962; Mohr
& Reidy, 1976) focusing on peer evaluations in p"edominantly white military
units have provided evidence of same-race favoritism in the expression of
these evaluations. Blacks tended to demonstrate a higher level of such
favoritism than whites, but this finding may well be attributed to the blacks'
minority status within the groups studied. DeJung and Kaplan (1962, p. 373)
suggested as much, noting that the minority subgroup member, in rating others
within this subgroup, might well be rating his or her "closest buddies." The
majority member, in rating others in the majority subgroup, might also be
rating his or her "closest buddies" but would be rating almost everyone else
in the unit as well. Thus, the same-subgroup ratings given by majority members
would not appear as consistently high as those given by minority members. This
explanation assumes the existence of "race-bounded" friendships, a term used by
Cox and Krumboltz (1958) as well as DeJung and Kaplan. We will return to a

discussion of such friendships a little later.

In a study conducted by Schmidt and Johnson (1973) which examined groups
composed of equal numbers of blacks and whites, no same-race favoritism was
observed. Since these investigators exposed their subjects to human relations
training, it was not possible to determine whether this training or the numerical
racial equality was more respon-ible for the unbiased ratings in this study.
However, another study conducted by Clore, Bray, Itkin and Murphy (1978)
indicated that numerical equality may indeed be a significant factor. Here,
after equal numbers of black and white children had attended summer camp
together, both blacks and whites showed positive changes in their attitudes
toward each other. The authors suggested that the numerical equality among
black and white children, counselors and administrative staff contributed to an
environment which eliminated status differences associated with race and thereby
fostered the attitudinal changes which took place.

The present study examined race influences on peer nominations in the same
environment as that studied by Mohr and Reidy (1976). As in this earlier study,
Army ROTC cadets participated in a six week training camp, called Advanced Camp,
and were organized into predominantly white platoons which typically contained
a substantial minority of blacks. In the year between the Advanced Camp which
was the focus of the previous study and the Advanced Camp which provided the data
for the present study, however, the instructions for the peer nominations had
been changed. In order to shift the focus of evaluation from personal feelings to
performance, instructions were rewritten to emphasize "effectiveness" and
"demonstrated contributions," whereas previously cadets were asked who they would
be most and least willing to serve under. One purpose of the present study was
to determine whether, given these new instructions, the previous finding of
same-race favoritism would be replicated.

If such favoritism were found, this finding would activate a second purpose
of this study: to examine the relationship between such favoritism and overall
group disagreement. When judgments of a particular racial subgroup diverge from
those of the overall group, they may do so because of same-subgroup preference or
for a variety of other reasons. An exploration of whether same-subgroup
preference was a major contributor to such disagreement was planned as a means of
obtaining further understanding of racial influences on peer evaluations.
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A final purpose of this study was to examine how peer evaluations received
by blacks and whites compared with scores these subgroups received on other
measures of Advanced Camp performance. Fortunately, a number of such scores
were available. Although none could serve as a totally accurate representation
of a cadet's performance, the combination of all measures provided a rough
picture of such performance. Differences between the races obtained in peer
ratings but not observed on other measures would be a possible indication that
one of the subgroups was inappropriately disadvantaged by peer evaluations.

METHOD

The present investigation involved the use of data collected in 1976 at
. two of the three regional ROTC Advanced Camps. Only a nominal number of blacks

attended the third camp, so data from that camp were not used. Subjects were
4545 ROTC cadets, including 3690 whites and 855 blacks. Various measures of
cadet performance were administered at each camp by designated officials. These
included two cadet peer evaluations, for which cadets rated the top ten and
bottom ten individuals in their platoon on leadership potential and team member
performance. An index reflecting the agreement of both blacks and whites with
the overall platoon rating was also calculated at one of the camps. Cadets were
also given two scores on overall camp performance and one score on performance

• .in a tactical exercise by designated evaluators. Scores on a performance test
designed to measure the cadet's ability to apply military skills, an

- orienteering test and a physical fitness test were also obtained.

RESULTS

Each of the questions examined in this study was explored through the use
of multiple t-tests. As a precaution against the possibility of achieving a
spurious finding of significance by this technique, the acceptable level of
significance for each set of comparisons was reduced according to the number of
t-tests performed. If the number of comparisons did not exceed 10, .005 was
adopted as the appropriate level. If the number exceeded 10 but did not exceed
20, .0025 was the level used. It should also be noted that, although results
are given for both leadership and team member peer ratings, the high correlation
coefficient of .88 (<.001) obtained between the two ratings across all 5598
cadets at the three Advanced Camps indicates that the two ratings are not
really independent.

An examination of peer evaluation scores revealed that both blacks and
whites favored their own subgroup. Mean scores given by blacks and whites to
members of each of these two racial subgroups are shown in Table 1. These
scores were examined in two types of comparisons. First, t-tests were used
to compare each subgroup to subgroup rating with the score expected if both
groups had performed at exactly the same level. The "expected" score was 2.00.
Since 16 comparisons were involved, the significance level was set at .0025.
All ratings were found to be significantly different from 2.00, with both
blacks and whites consistently evaluating members of their own subgroup above
this level and the other subgroup members below this level. For both the
leadership and team member peer ratings, the highest subgroup to subgroup
rating at each camp was that given by blacks to other blacks, followed by
whites' ratings of other whites.
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The second procedure used t-tests to compare ratings given within a
particular racial subgroup with ratings given to that subgroup by the other.
Eight comparisons were involved here, so the significance level was set at
.005. At both camps, leadership and team member ratings given by whites to
whites were significantly (Ps 4 .001) higher than ratings given by blacks to
whites. Similarly, leadership and team member ratings given by blacks to
blacks were significantly (j's < .001) higher than ratings given by whites
to blacks.

Given this evidence of same-subgroup favoritism by members of each race,
the next set of analyses was directed at the question of how such favoritism
was related to overall group disagreement. Within each platoon, an index of
agreement between judgments of black raters and judgments of all raters was
calculated on the basis of an accumulation of discrete comparisons between
how individual blacks rated a particular cadet and how the entire platoon
rated that cadet. On the basis of this index, platoons were classified as
high or low in agreement. Differences between judgments rendered in high and
low agreement platoons were analyzed by means of t-tests, with the results
shown in Table 2. The significance level, based on the number of t-tests
involved, was set at .005. Under the "Ratings to Blacks" section of the
table, it can be seen that blacks assigned significantly higher same-subgroup
ratings in the low agreement platoons than in the high agreement platoons.
In the same section of Table 2, one finds that white ratings of blacks were
just the reverse, being significantly higher in the high agreement platoons
than in the low agreement platoons. A comparable pattern of divergence does
not appear in the "Ratings to Whites" section of this table, where platoons
are dichotomized according to agreement between white raters and all raters.

The peer rating results were then examined in the context of results on
all Advanced Camp measures. Black and white scores on each measure, as shown
in Table 3, were compared on the basis of t-tests. For six of these
comparisons, where a preliminary test called into question the assumption of
homogeneity of variance underlying the conventional t-test, a modified version
of this test resulting in a more appropriate z statistic was used. The
significance level for the total of 16 comparisons shown in this table was
set at .0025. You will note a disparity between peer rating scores in Table
3 and those shown in Tables 1 and 2. The data in Table 3 are presented in
terms of a score standardized to have an overall mean of 100, while Tables 1
and 2 present scores computed such that the overall mean is 2.00.

The t-test results indicated that black-white differences on peer ratings
were not sharply divergent from differences between these subgroups on other
Advanced Camp measures. If peer ratings are disregarded, whites received
significantly higher scores than blacks on five out of six categories at Camp

Ie B and four of six at Camp A. If peer ratings are included, whites received
significantly higher scores than blacks on seven of eight categories at Camp B
and four of eight at Camp A.
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DISCUSSION

Let us now consider the implications of the findings obtained here. This
study essentially replicated the Mohr and Reidy (1976) finding of same-race
favoritism in peer nominations in an ROTC Advanced Camp environment and
provided evidence that the earlier finding was not merely an artifact of
the particular rating instructions used in that study.

The comparison of ratings in platoons where black judgments were closely
in accord with consensus judgments with ratings in platoons where such
agreement was minimal provided further information about the rating patterns
of each subgroup. As black ratings drifted further from consensus, black

ratings of blacks became more favorable and white ratings of blacks became
less favorable.

In examining possible explanations for this finding, one finds the concept
of "race-bounded friendships" suggested in earlier studies a reasonable place
to begin. A substantial body of literature (see Byrne, 1971) supports the
proposition that individuals are attracted to those perceived as similar to
themselves. Race presumably operates for many as at least a clue concerning
the other's similarity. Thus, there may well be an initial predisposition
to prefer same-race members in establishing friendships. This predisposition
may be enhanced when the two major racial subgroups are represented unequally
in the overall group. Such inequality may inhibit interracial friendships
by emphasizing the distinctive nature of each subgroup, heightening the
salience of subgroup membership and minimizing naturally occurring interactions
between majority and minority members.

Any tendency by members of either subgroup to erect racial boundaries
in the process of friendship formation obviously has implications for members
of the other subgroup, who are likely to perceive this tendency and reciprocate.
Furthermore, there is a basis for expecting race-bounded friendships to
perpetuate themselves. Wilder and Allen (1978) have found that subjects
choosing membership in one of two subgroups tend to prefer information which
enhances their similarity to the chosen subgroup and their dissimilarity
to the other. Perceived similarity with another is likely to influence
attributions concerning the other's performance (Banks, 1976) and ultimately
the evaluation of that performance. Thus, members of a race-bounded
friendship subgroup might well be expected to rate one another more
positively than they rate members of the other subgroup, an expectation
reinforced by results from a number of studies showing a positive
relationship between one's friendship with a peer and one's evaluation
of that peer (Hollander, 1956; Hollander & Webb, 1955; Waters & Waters,
1970). Thus, race-bounded friendships may indeed produce the type of
polarization between majority and minority subgroup member judgments observed
in the present study, although the viability of this explanation relative
to other hypotheses remains to be tested.
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Despite the observed racial influences on peer evaluations in the

present study, the relative performances of blacks and whites on these
measures did not appear to depart substantially from the relative
performances of these subgroups on other Advanced Camp measures. While
the imperfect nature of these additional measures was commented on
earlier, the consistency of racial differences across measures does
suggest that peer ratings did not operate to the particular disadvantage
of either racial subgroup.

Nevertheless, the evidence of racial influences on peer judgments is
a matter of serious concern. This finding does not contradict the clear
evidence from other studies that peer assessments are valid predictors
of future performance, but does present a problem that needs to be
addressed if such assessments are to be used to achieve their maximum
potential.

Clearly, more research is needed to enable us to fully understand
the processes that impact upon black and white peer evaluations. However,
it is possible even at this point to identify approaches which appear
promising as means of reducing racial influences upon these evaluations.
Landy and Farr (1980) have suggested that rating errors can be reduced
if rating formats incorporating behavioral anchors are used, although
the expected gains from this procedure are relatively modest. Rater
training may also be beneficial. Such training might incorporate such
topics as: a description and discussion of the rating format used, a
discussion of the importance of behavior as a basis for evaluation,
guidance on how to observe behavior, a discussion of racial stereotypes
and their contribution to rating errors, and a discussion of how to
avoid rating errors associated with selective attention and inaccurate
attributions.

If race-bounded friendships are indeed primarily responsible for
the results observed in this study, then approaches which fail to deal
directly with such friendships are likely to have limited impact. Perhaps
the most effective mechanism for reducing racial influences, where
feasible, would be to modify the racial composition of the units in which
ratings are given. A distribution of cadets such that, in those units
in which blacks are represented, they are represented in equal numbers
with white cadets, might well create an environment less conducive to
the formation of race-bounded friendships than the one examined here.
To the extent that racial boundaries in the development of friendship
groups interfere with free interactions between blacks and whites, one
might weli consider such an environmental change beneficial quite apart
from its anticipated positive effect on rating accuracy.
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TABLE 1

Peer Rating Scores by and for Blacks and Whites

Ratings Given by
Blacks Whites

Rated Group N M* SD M* SD t**

Camp A: Leadership Rating

Blacks 444 2.39 .36 1.87 .37 20.08
Whites 1740 1.91 .33 2.04 .32 11.18

Camp A: Team Member Rating

Blacks 444 2.42 .39 1.88 .39 20.88
Whites 1740 1.91 .37 2.03 .38 10.08

Camp B: Leadership Rating

Blacks 411 2.48 .39 1.82 .38 24.15
Whites 1950 1.92 .38 2.04 .40 9.92

Camp B: Team Member Rating

Blacks 411 2.39 .38 1.79 .36 23.00
Whites 1950 1.93 .36 2.05 .33 10.45

*All t values comparing means with 2.00 significant at -e.0025
**All t values shown significant at 2e..001

TABLE 2

Ratings Received by Whites and Blacks
in Platoons with High and Low Agreement Indices

High Agreement Low Agreement
Rating Type N H SD N M SD t

Ratings to Whites

Black Ldr 23 1.93 .03 22 1.89 .04 3.75*
White Ldr 23 2.04 .04 22 2.03 .03 1.00

* Black TM 21 1.92 .04 23 1.89 .05 2.62
, White TM 21 2.03 .04 23 2.04 .04 .66

Ratings to Blacks

Black Ldr 24 2.31 .13 24 2.50 .16 4.49*
White Ldr 24 1.93 .13 24 1.79 .10 4.18*
Black TM 24 2.35 .26 24 2.53 .20 3.27*
White TM 24 1.94 .13 24 1.81 .09 3.96*

:*. 005
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TABLE 3

Scores Received by Blacks and Whites
on all Advanced Camp Measures

Whites Blacks
Variables N M SD N M SD t

Camp A

SOAT 1734 100.37 5.83 443 98.85 6.43 4.47*

PNAT 1740 100.34 19.40 444 99.05 20.64 1.24
POAT 1740 100.84 19.54 444 97.39 19.78 3.32*
PEER (TM) 1740 100.59 19.02 444 97.82 21.57 2 .47a

PEER (LDR) 1740 100.36 19.51 444 99.04 19.94 1.21
PT 1734 407.39 39.50 444 424.06 37.75 8.01*
ORIENT 1740 101.99 15.40 444 92.92 16.72 10.93*
MIL STAKES 1738 102.91 18.31 444 88.53 20.38 13.57*

Camp B

SOAT 1934 100.36 5.83 408 99.15 6.38 3.56*a

PNAT 1950 101.25 19.39 411 95.83 20.02 5.11*
POAT 1950 101.25 19.56 411 95.55 18.73 5.43*
PEER (TM) 1950 101.37 19.25 411 93.16 19.53 7.82*
PEER (LDR) 1950 100.82 19.59 411 96.08 18.67 4.51*
PT 1948 429.02 41.06 411 445.31 32.84 8.71*
ORIENT 1950 101.79 15.34 411 93.01 15.47 10.58*
MIL STAKES 1950 101.81 18.58 411 91.30 21.32 9.30*

a* . 0 0 25

z statistic

Brief Description of Variables Presented in Table 3

SOAT: Rating of cadet performance in a one-day tactical exercise.

PNAT: Rating of cadet overall camp performance by a non-commissioned officer.

POAT: Rating of cadet overall camp performance by an officer

PEER (TM): Peer rating on team member performance.

PEER (LDR): Peer rating on leadership potential.

PT: Performance on a physical fitness test. Here, total raw score, rather than
a standardized score with a mean of 100, is used.

ORIENT: Score on a timed freestyle orienteering performance test.

MIL STAKES: Score on a performance test designed to measure the cadet's ability
.L to apply military skills.
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A PO01370
- .THE NAVY PERSONNEL ACCESSIONING SYSTEM

by

W. A. Sands

Navy P3rsonnel Research and Development Center
San Diego, California 92152

ABSTRACT

The purpose of the Navy Personnel Accessioning System (NPAS)
project is to develop a computer-based system which integrates and
supports four functions at the recruiting station level: (S) in-
dividualized testing, U,) vocational guidance, (.) assignment pre-
diction, and (4) management support. The individualized testing
function involves the administration, scoring, and interpretation
of an adaptive aptitude screening test. Vocational guidance in-
cludes a discussion of career planning; administration, scoring,
and interpretation of an interest inventory; interpretation of
ASVAB results; and an overview of the Navy world of work. The
assignment prediction function indicates the extent to which an
individual applicant's personal characteristics (aptitudes and
preferences) match the requirements of the entry-level Navy rat-
ings. The last function, management support, involves: .(') data
entry, storage, and retrieval of information on recruit applicants;
(2) generation of forms employed in the enlistment process (e.g.,
the DD-1966); and, (3) generation of management reports.

INTRODUCTION

The population of males between the ages of 17 and 21 is
declining, and forecasts indicate that this trend will continue
into the early 1990's. At the same time, technological advances
in equipment have increased the need for high-quality personnel in
the military services. Competition for high school graduates
within this target population will become increasingly fierce.

*Not only will the Navy be competing with the other military serv-
ices, but also with colleges and universities which, faced with
declining enrollments, will be intensely recruiting this popula-

"'. tion group.

The Navy Personnel Accessioning System (NPAS) has focused on
- a target population consisting of male, nonprior service, enlisted

applicants who seem promising to the Navy recruiter. The purpose
of the NPAS project has been to develop a computer-based personnel
accessioning system to integrate and support four major functions
at the recruiting station level: (1) individualized testing, (2)
vocational guidance, (3) assignment prediction, and (4) management
support.
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FUNCTIONS

* Individualized Testing

The first function, individualized testing, involves the
computer-based administration of a short ability test battery.
The component tests will be adaptive, as distinguished from con-
ventional tests wherein everyone takes the same test items re-
gardless of ability level. Conventional testing is very ineffi-
cient, as items of low difficulty are wasted on high-ability per-
sons, and items with high difficulty levels are wasted on low-
ability persons. The process of adapting a test to the individual

- examinee is called Computerized Adaptive Testing (CAT).

The adaptive test developed under the NPAS project is called
the Computerized Adaptive Screening Test (CAST). The CAST is
designed to replace the EnTistment S~reening Test (EST) for pre-
dicting an applicant's pirformance 6n the Armed Services
Vocational Aptitude Battery (ASVAB). More-specifically, the CAST

. Ts designed-to predijt an applicant's Armed Forces Qualification
*.. Test (AFQT) score on the ASVAB. -

Three item banks were developed for the CAST: (1) arithmetic
reasoning, (2) word knowledge, and (3) paragraph comprehension.
These areas were chosen as being most promising for the prediction
of the AFQT score.

In comparison to the EST, the CAST should exhibit a number of
benefits, including: increased measurement precision, reduced
testing time, improved test security, reduced clerical errors, and
reduced costs.

Vocational Guidance

The second function supported by the NPAS system is vo-
cational guidance, an area largely ignored by the current acces-
sioning system. The Navy, like the other military services, in-
cludes a large number of diverse jobs. Many, if not most, of
these jobs are unfamiliar to the typical applicant. To assist an
applicant in career planning, his interests will b measured using
the Vocational Interest Career Examination (VOICE) The 24 5
items of VOICE TForm C) kill be-administered by computer. The
administration will be conventional, not adaptive; i.e., each
applicant will take the same items in the same sequence. Scores
will be determined for 18 basic interest scales and will be
presented and interpreted to the applicant using percentile scores
and bar graphs. These will be shown on the Video Display Terminal
(VDT), with results available to the applicant on Rardcopy print-
out.

IThe Vocational Interest Career Examination was developed by
the Educational Testing Service under contract to the Air Force
Human Resources Laboratory.
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Computer-based vocational guidance offers a number of impor-
tant advantages over current procedures, including: (1) accurate,
consistent, and current information, (2) rapid access to that
information, (3) self-paced progress by the applicant and (4)
independence. This last advantage, independence from the
recruiter's time schedule, is particularly important. While the
applicant is interacting with the computer system, the recruiter
can attend to other duties.

Assignment Prediction

Prediction of an applicant's assignment options represents
the third major function of the NPAS system. The Personalized
Recruiting for Immediate and Delayed Enlistment (PRIDE) is the
Navy's person-j~b matching system. Until recently, this system
resembled an airline reservation system. Applicants were treated
dichotomously, as either "eligible" or "ineligible" for each
entry-level Navy rating. The quality of a person-job match was
ignored. The Classification and Assignment within PRIDE (CLASP)
model was developed to improve this situation. CLASP is an opti-
mal person-job matching model which was recently incorporated into
the PRIDE system and is currently operational at the Armed Forces

.. Examining and Entrance Stations (AFEES).

The utility function employed in the CLASP model includes
five components: (I) school success, (2) aptitude/complexity, (3)
Navy need/preference, (4) minority-fill, and (5) fraction-fill
(Kroeker, 1979). A score is determined for each of these five
components. These scores are weighted and summed to provide a
weighted composite payoff for matching an applicant with each
entry-level Navy rating. Using a decision index procedure (Ward,
1958; 1959) , each composite payoff is transformed into an opti-
mality indicator. This optimality indicator represents the
"goodness of fit," or quality of the person-job match. Rating
options for which the applicant is eligible are rank-ordered from
high to low by optimality indicator. Ratings with the highest
optimality indicators are offered to applicants by the Navy clas-
sifier during the interview at an AFEES location.

Since the NPAS system is designed for use at the recruiting
station level, the rating options and associated optimality in-
dicators must be predicted. The Pre-CLASP model was designed to

,. forecast the rating options which will be offered to the applicant
during the subsequent classification interview at the AFEES. In
addition to the information required by the CLASP model, Pre-CLASP
requires the projected AFEES arrival date and the applicant's
preferred shipping month. Output data from the Pre-CLASP model
include a set of rating options, a set of optimality indicators,

and a set of probabilities that the ratings will be open when the
applicant arrives at the 'AFEES classification interview. The
ratings are rank-ordered by optimality indicator. Those rating
options with the highest optimality indicators are displayed on
the VDT for the applicant. Presentation of this information in
the recruiting station environment gives the applicant time for
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serious consideration of vocational alternatives. This is in
marked contrast to the short, pressured classification interview
at the AFEES. Presumably, this information, along with the time
necessary to ebsorb it, will enhance the quality of the person-job
match. Specifically, it should decrease the problem of unmet
expectations and the resultant premature attrition. A more de-

* -. tailed discussion of these three person-job matching functions has
been presented previously (Sands, 1980)

Management Suppo rt

Whereas the previous three functions have been aimed at the

applicant, this last function is designed for the recruiter. The
NPAS system supports three recruiting station management capabil-
ities: (1) data entry, storage, and retrieval; (2) forms genera-
tion; and, (3) reports generation.

Data entry and editing for this function will be accomplished
by the recruiter using a keyboard with a typewriter layout and a
VDT. To facilitate the efficient use of the NPAS system, software
design and development has been guided by two considerations.
First, the system should be "user-friendly." This means that
effective use of the NPAS system requires no background training
or knowledge of computers. The second design consideration in-
volved making the software "menu-driven" wherever possible to
decrease clerical time and errors. In soliciting information from
the recruiter, the question is presented on the VDT. As in a
multiple-choice question, the possible response alternatives are
displayed directly beneath the question and are associated with
single-digit numbers. The recruiter selects the most appropriate
response alternative and enters the single-digit number associated
with the alternative.

Storage of information on computer-readable media (e.g.,
floppy diskettes$ will significantly reduce physical storage re-
quirements while, at the same time, greatly increasing the speed
of information retrieval.

Forms generation represents the second management capability.
The process of enlisting an applicant into the U.S. Navy requires
a tremendous amount of paperwork. The Application for Enlistment
- Armed Forces of the United States (DD Form 1966) is a noteworthy
example. This form consists of eight pages and requires a con-
siderable amount of clerical effort and time. For example, the
current manual procedures require the recruiter to type an ap-
plicant's name and social security account number on the top of
each of the eight pages of the DD Form 1966 and to enter the same
information on various other enlistment forms. Automation of the
enlistment kit forms will eliminate the redundant entry of data.
As indicated above, the menu-driven software will lessen the
recruiter's clerical burden still further.

Reports generation is the third management support capabil-
ity. Operation of a Navy recruiting station entails a substantial
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number of managetment topics ranging from applicant flows to re-
ports on vehicle usage. The work involved in producing many of
these periodic reports is largely clerical "bean-counting." The
computer can produce these management reports far more rapidly and
accurately than the recruiter, while freeing the recruiter's time
for other activities. Moreover, since the data are stored on
computer media, they are available for aggregation and summary
reports at higher levels in the Navy Recruiting Command.

SUMMARY

In summary, the NPAS system is a computer-based personnel
accessioning system designed for use in the 1980's timeframe. The
system integrates and supports four functions at the recruiting
station level: (1) individualized testing, (2) vocational
guidance, (3) assignment prediction, and (4) management support.

The NPAS system offers a number of significant benefits in-
cluding more accurate and extensive screening and testing, en-
hanced vocational guidance, improved classification procedures,
and extensive management support for the Navy recruiter.
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HUMAN FACTORS EVALUATION OF DIVISION AIR DEFENSE GUN SYSTEMS

Gary G. Sarli and Richard J. Carter
Research Psychologists

U.S. Army Research Institute for
the Behavioral and Social Sciences

Fort Bliss Field Unit
Fort Bliss, Texas 79916

A human factors evaluation was conducted upon DIVAD Gun proto-
types during Operational Test II. It was physically impossible to
observe the crew-members during operations; therefore, data were
gathered from each of 32 enlisted crew-members by means of five
questionnaires drawn from a master set of 506 items. Despite some
difficulties experienced by crew-members in responding to the ques-
tionnaires, the required data were obtained and the results were
submitted to the U.S. Army Operational Test and Evaluation Agency
and the DIVAD Gun Source Selection Board.
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HUMAN FACTORS EVALUATION OF DIVISION AIR DEFENSE GUN SYSTEMS

The U.S. Army is developing a new air defense gun system, DIVAD Gun,
to replace the self-propelled, 20mm, M163 Vulcan System. The DIVAD Gun
is designed to:

1. Provide air defense for divisional maneuver elements.

2. Provide air defense for selected ciritcal assets, choke points, and
convoys in the division area.

3. Deter easy access to rear areas by low altitude threats.

4. Provide effective ground fire against lightly armored vehicles and
enemy personnel.

General Dynamics and Ford Aerospace have each built two prototype DIVAD Gun
systems. Both types are mounted on modified M48A5 tank chassis and incorporate
government furnished communications equipment, secondary armament, and nuclear,
biological, and chemical (NBC) equipment. The XM246, developed by General
Dynamics Corporation, uses twin 35mm Oerlikon KDA guns and a fire control based
on the US Navy Phalanx, close-in weapon system, gun system. The XM247, designed
by Ford Aerospace and Communications Corporation, utilizes a pair of Bofors 40mm
guns. The radar-directed fire control is based on the Westinghouse F-16 aircraft
radar. The turret structure for both systems contains the armor, gun mount,
magazine, crew compartment, and operator controls and displays (Vereb, 1980).

An operational test was conducted on four DIVAD Guns (two of each prototype)
by the U.S. Army Operational Test and Evaluation Agency (OTEA). It was performed
during the time interval July to November 1980 at North McGregor Range, New
Mexico and was divided into four phases: Detection/tracking, aerial live fire,
ground live fire, and manuever (Houser & Donovan, 1980).

The test evaluated:

1. The operational effectiveness of the two prototypes in the areas of
fire power, fire control, and total system integration.

2. The mobility and survivability of the systems under operational condi-
tions.

3. The reliability, availability, and maintainability characteristics of
the gun systems under operational conditions.

4. The adequacy of the proposed training program and personnel selection
criteria.

5. The adequacy of proposed doctrine, tactics and organization for
cmployment of the DIVAD Gun candidates under operational conditions.

6. The susceptibility/vulnerability of the prototype systems in an
Electronic Countermeasure (ECM) environment.

1032



The test was run under: (1) two system modes: Moving and stationary,
(2) two visibility conditions: Day and night, (3) four levels of ECM: Noise,
deception, chaff, and benign, and (4) three environments: Normal, NBC, and
dust/smoke.

The U.S. Army Research Institute for the Behavioral and Social Scfences (ARI)
was requested by OTEA to conduct a human factors evaluation of the two systems
during the operational test. The purposes of the evaluation were to determine
whether the crews can perform all required tasks to accomplish the mission
objectives of the DIVAD Gun and to identify man-machine interfaces negatively
affecting task accomplishment.

Method

Subjects

Thirty-two male service members, E2 through E6, stationed at Ft Bliss,
Texas participated in the operational test. They were from the Ist Battalion
(Chaparral/Vulcan), 55th Air Defense Artillery. The service members were
separated into eight crews: Two for each of the two Ford systems and two
for each of the two General Dynamics systems. A crew consisted of a squad
leader, senior gunner, driver, and ammunition handler. Prior to the start
of the test, the gun system contractors gave each of their crew members New
Equipment Training (NET) appropriate to his gun system. Shortly after the
start of the test, one crew member was replaced. The replacement received
on-site training.

Apparatus

It had originally been planned to conduct the evaluation by observing the
crew members via closed-circuit TV. However, permission to place TV cameras
inside the vehicles was denied. It was then decided that written questionnaires
would be a feasible method of collecting the data.

A master set of 506 items was developed, using the Questionnaire Construc-
tion Manual (Dyer, Matthews, Wright, & Yudowitch, 1976) designed by the ARI
Ft Hood Field Unit as a guide. The master set consisted primarily of closed-
ended questions (See Table 1). Most of these used 5-point, unipolar rating
scales, although there were a few ranking items. The 5-point scales were
preferred over 7 or 9-point scales for this use (Dyer, et. al., 1976, Chap VI-G,
pg. 2). The 506 items, dealing with 22 subject areas (See Table 2), were
used to construct five questionnaires.

Procedure

The questionnaires were to be administered to the Ford and General Dynamics
crew members in separate locations just after the crew members had participated
in relevant exercises (for example, night firing).
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Two types of problems were encountered. The first type of problem was
caused by scheduling changes, which sometimes resulted in crew members

10 receiving questions concerning events in which they had not yet participated.
When this occurred, those questions had to be recycled into the next
questionnaire.

The other type of problem concerned the questions themselves. Prior
to assembling the questionnaires, all the questions had been edited by
subject matter experts, both for accuracy and for reading level. However,
some of toe crew members still did not understand some of the questions.
Also, some of the crew members, despite written and verbal instructions,
reacted to the ranking items as if they had been checklists.

Following the administration of the first questionnaire, the vocabulary
used in the remaining items in the master set was further simplified as
required. Also, simplified versions of those items which had been mis-
understood on the first questionnaire were recycled into later questionnaires.
The ranking items were replaced by items asking how often the events in

question had occurred.

It has been suggested (Oppenheim, 1966, pp. 85 & 86) that the order
of the response alternatives on ranking items be varied so that the first
alternative is neither always positive nor always negative. This advice
was followed but abandoned after the crew members expressed confusion.

To further clairfy the answers to some of the questionnaire items, group
discussions were held with the crew members.

Results and Discussion

ARI succeeded in obtaining answers to all of the items in the questionnaire.
These results will be published in a future paper.

Today's soldiers have a wide range of reading ability. Therefore,
individual interviews are probably preferable to written questionnaires.
Unfortunately, giving individual interviews is not always practical, and
a certain amount of data will be lost in group interviews. If questionnaires
are used and it is not possible to perform a pilot study, the questions should
be edited by soldiers of the same Military Occupational Speciality, educational
level, and rank as those in the target population. Also, discussion sessions
should be planned with at least a sample of the target population, to clarify,
and perhaps expand upon, their responses.
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Table 1

SAMPLE QUESTIONS

012. How easy or hard is it to get out of the fire unit?

VERY EASY
EASY
BORDERLINE
HARD
VERY HARD
NO OPINION/DON'T KNOW

H5. Rate the quality of the view through the optical sight when DIVAD Gun
is moving.

EXCELLENT
GOOD
BORDERLINE
POOR
TERRIBLE
NO OPINION/DON'T KNOW

024. Did your eyes get tired after watching the plasma display?

NOT AT ALL TIRED
A LITTLE TIRED
TIRED

___QUITE TIRED
EXTREMELY TIRED
NO OPINION/DON'T KNOW

037. Which displays, gauges, dials, etc. (if any) are hard to read?
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'AD P001372
IDENTIFYING COMMON DUTIES AMONG NAVAL SKILLED TRADES

Amiel T. Sharon
Personnel Research Psychologist

United States Office of Personnel Management

A comprehensive occupational survey of 22 Naval civilian trades and

crafts was undertaken to establish a data base for the development of
examinations to select apprentices and to determine the job-relevance
of apprentice training programs. The initial step in preparation for
the survey was to identify a group of common duties by reviewing draft
task inventories in each of the 22 occupations. The common duties and
task inventories were incorporated into occupational survey questionnaires
and reviewed by 79 subject matter experts. The questionnaires, which
were completed by approximately 5000 skilled blue collar workers, also
sought information about the workers' background, job hazards, relevance
of classroom apprenticeship training to the job, muscular effort used
on the job, tools and equipment used, and relative importance of differ-
ent job tasks. The results are expected to indicate the extent to which
common duties are shared by workers in different trades and suggest a
job family structure that would guide examination development.
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For want of a nail the horseshoe was lost. Because the horseshoe was
lost, the horse, the rider, the battle, the war and the kingdom were lost.
For want of a nail the kingdom was lost. Had the blacksmith secured the
horseshoe with that critical nail, then the kingdom would have been saved.
Why then, do we pay more attention to horses and warriors then to blacksmiths
who secure the horseshoes?

The growing sophistication of naval equipment and technology is creating
a need for a highly skilled workforce to maintain and repair ships, aircraft
and weapons systems. Approximately 7000 apprentices in some 60 different
trades and crafts are trained each year in Navy's civilian apprenticeship
programs. These training programs, which equip the apprentice to perform
the duties of a skilled craft at a journeyworker level, consist of academic
and trade theory instruction as well as on-the-job training.

The selections made to Navy's apprenticeship programs are highly compe-
titive. The Office of Personnel Management (OPM) recruits and examines tens
of thousands of individuals each year for positions at naval shipyards, air
rework facilities, and public works centers. Applicants are evaluated by
OPM on their aptitude and interest for learning trade theory and practice,
ability to follow oral directions in a shop, and reliability and dependability.
If found qualified, applicants' names are placed on a register from which
appointments are made.

The Navy Department and OPM have begun a joint project to develop and
validate a new examination for the selection of applicants to apprentice
training programs. The .oal will be to develop a legaily and professionally
defensible examination that will update or replace the current examination
that was constructed many years ago. A second, but not less important, goal
of the project is to determine the relevance and adequacy of apprentice
training to the job. Since the Navy Department is the largest single employer
and trainer of apprentices for blue collar occupations in this country, it
is interested in ensuring that its apprentice training programs impart the
knowledges and skills necessary to effectively carry out the duties of a
skilled trade. The third objective of the project is to identify and describe
the common activities and skill requirements of Navy's trades and crafts.
This goal stems from a need to make the selection and training of apprentices

both cost-effective and administratively efficient. From an administrative
viewpoint, it is more desirable to use a single or a limited number of
examinations to select personnel to all skilled blue collar occupations
rather than to use a separate examination for each occupation. Similarly,
a core training program that will teach all apprentices the required common
skills will increase the efficiency and cost-effectiveness of instruction.

The goals of the project could best be met by establishing an occupational
data base through a comprehensive occupational survey. Such a survey provides
the job-analytic data needed for examination development and training program
evaluation and improvement. It was decided that the most efficient and valid
way to collect the relevant job information is to survey the job incumbents
in the skilled trades. Fully skilled workers who are currently employed are

likely to provide the most accurate and current information about the nature
of their job.
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A major problem confronting the project in its initial stage was how
to conduct an occupational survey, including a job task survey, of 60
different trades and crafts. Since the job of an aircraft mechanic, for
example, is so different from that of a carpenter, it became evident that
we could not use the same task inventory for these two apparently dissimilar
occupations. We decided to avoid part of the problem by surveying only 22
of the occupations. These 22 are the key trades and crafts in which most
of the workers are employed. The occupations were chosen in such a way that
the three major Naval activities - - shipyards, air rework facilities, and
public works centers -- would be represented. The occupations selected are
listed in Appendix A.

Although the decision to survey 22 rather than 60 occupations made the
project more manageable, it did not solve the problem of identifying the
common duties of different jobs. A common denominator was needed to describe
the variety of work activities that are performed in the craft occupations.
If similar duties, skills, and operations exist in the different trades, even
though the tools, materials and processes may be different, then the duties
could be described by using a common set of job descriptors. How, then, could
a set of common job descriptors be developed?

Fortunately, we did not have to start from scratch. Task inventories
in each of the 22 target trades and crafts were already available, these
inventories were prepared as part of an earlier effort by the Navy Depart-
ment to develop performance appraisal instruments for blue collar civilian
personnel. The inventories were developed by instructors, supervisors, and
workers familiar with the jobs. Although the inventories were at that
point in time only in draft form, they did provide us with the information
necessary to identify the common job descriptors. The individual task
inventories ranged from approximately 100 to 1000 task statements grouped
into major duties. All task statements were reviewed by three OPM psychologists
to identify the overlap in activities among the trades. This review resulted
in the identification of 23 major job duties that are common to two or more
of the 22 trades. The list of common duties was reviewed by 79 of Navy's
subject-matter experts. These reviewers, who represented persons familiar
with all of the target trades, expanded the list to 27 duties. The final
list of common duties is presented in Appendix B.

The list of common duties was incorporated into a comprehensive occupa-
tional survey instrument that was administered to approximately 5000 job
incumbents in the target occupations. Each duty was rated by the respondents
on "relative time spent" performing that duty and its relative importance
using five-point scales. Although the duty ratings have not yet been analyzed,
I will give a brief description of the analysis plan. First, the percentage
of workers performing each duty in each trade will be compared. Those duties

* that are performed by a majority of workers in all of the trades and are
also above average in terms of "relative time spent" and "importance" may
form the job analytic base for a single test or test battery that would be
used to select apprentices. On the other hand, a cluster analysis of the
ratings may indicate that the data can be accounted for by two or more job
families that require different skills. Whether a single selection examina-
tion could be used for all targeted occupations will depend not only on the
common duties shared by the various trades, but also on the common skills
required for job success.
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The Uniform Guidelines on Employee Selection Procedures (1978) indicate
that similarity of jobs for the purpose of test validation must be shown in
terms of common "work behaviors." Previous research on occupational grouping
for prediction of job success suggests grouping of skilled craft occupations
for test validity generalization is feasible. Long-term research on the tests
of the General Aptitude Test Battery (GATB) indicates that all but one of the
22 trades targeted in this project fall within a single "Occupational Ability
Pattern" (U.S. Department of Labor, 1979). These findings suggest that the
same pattern of abilities is required for success in the different trades.
More recent research by Schmidt, Hunter, and Pearlman (1981) indicates that
aptitude tests are likely to be valid across many jobs, even when the jobs
differ grossly in their task makeup. Thus, the use of a common test battery
for selection to more than one craft occupation may be appropriate even if the
occupations have few or no duties in common. The bottom line must be the
validity of the test for predicting success in an occupation.

The list of common duties that was developed to find occupational
overlaps became one part of the occupational survey questionnaire. The other
parts sought information about the background of job incumbents, relevance
of apprenticeship training to the job, muscular effort required, job hazards,
tools and equipment used, and job tasks. I will briefly describe the contents
and rationale for each of these other parts.

The biodata section sought relevant biographical information about the
respondents, including work location, age, race and ethnicity, educational
level, length of time in the Navy as a civilian worker, career path, and
nature of prior training. These data will be used to describe the respondent
sample, divide the sample into appropriate subgroups for statistical analysis
and correlate certain biodata variables with responses on other parts of the
questionnaire. This part of the survey questionnaire also contained questions
about hazards or dangers encountered on the job, injuries received, and the
frequent physical discomforts. One of the uses of these data will be to
develop realistic previews of the job for prospective applicants.

Although many of the jobs surveyed in this study appear to require sub-
stantial physical strength or muscular effort, there are no current strength
standards for them. The desire by the Navy Department to recruit and train
women in many of the skilled blue collar occupations in which they have been
traditionally underrepresented requires that physical standards be defined
more precisely than in the past. Since differences in certain types of
strength have been documented in previous studies (Robertson, Note 1; Wilmore,
1974), it is now important to establish physical standards that specify the
physical demands of the job.

Using a taxonomy of occupationally-oriented Basic Body Efforts (BBE)
developed by researchers at the Naval Personnel Research and Development
Center (Robertson, Note 1), this part of the questionnaire requested informa-
tion about the single most muscularly demanding task of the respondent's job.
Respondents are asked to describe the specific object, tool, or control moved
and what is done with it. They are then asked Lo indicate the type of Basic
Body Effort that is applied (e.g. "Turn-lever" such as using a wrench to loosen
corroded mounting bolts), the frequency of performing the task, the number of
persons usually teamed togeth,- to exert the required force, and whether the
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effort required is within the respondent's capabilities. The foregoing infor-

mation will be helpful in establishing physical standards for different blue
collar occupations as well as to identify relevant criterion measures against
which tests of physical performance could be correlated.

Although physical strength is not a characteristic that can be easily
trained, if at all, much of the knowledge and skill applied by the craft
worker on the job on a day to day basis is learned during the apprenticeship
period. In addition to on-the-job training, apprenticeship programs consist
of formal classroom instruction in trade theory and academic subject matter.
The need for teaching the apprentice the specific content of his or her trade
is self-evident but the need for basic academic instruction, such as English
and Mathematics, is less well accepted. Since there is often a lack of direct
correspondance between academic learning and job tasks, a controversial issue
in apprentice training is the relevance of academic instruction to the job.
On one side, it is argued that basic instruction must be broad enough to pro-
vide the apprentice with the skills required to grasp new technology. Training
must provide the apprentice with the basic skills for performing the job as
it is today as well as how it may be tomorrow. On the other side, it is argued
that the skills aquired in training should be ultimately used or applied in
the course of one's work. Otherwise irrelevant learning will consume and waste
valuable training time and will unfairly discriminate against those who are
unable to cope with academic learning.

One section of the survey questionnaire attempted to determine the class-
room subjects that are applied on the job and whether these subjects were
adequately taught in the apprenticeship program. A list of 18 academic subjects
was presented, and respondents indicated whether they use a particular subject
occasionally, frequently, or not at all and whether the apprenticeship training
in the subject was adequate. The analyses of these data will identify the
subject matter that is not relevant to certain crafts and trades as well as
those disciplines in which formal instruction may require added emphasis and
improvement.

The final two sections of the survey questionnaire concerned the tools
and equipment used in a trade and the job tasks performed. Since many tools
are unique to one or a few trades, a different checklist was prepared for
each trade. These checklists, which included hand tools, bench tools, power
tools, and measuring devices, were used by respondents to indicate the fre-
quency with which they used various tools. The job task list, like the tool
list, was unique to each occupation. The number of task statements ranged
from 55 for the Insulator trade to 372 for the Electrician trade. As was
mentioned earlier, draft task inventories were available from an earlier
project in the Navy and these inventories were reviewed by OPM psychologists
for clarity, consistency, and objectivity. They were then reviewed further
by at least four subject matter experts in each trade. The final lists of
tasks encompassed all of the important and nontrivial activities that might
be performed by workers on the job. Tht task statements were designed to
represent activities that are directly observable and are at the same level
of generality. Tasks that were related to each other, either because they
are similar or because they tend to occur concomitantly, have been grouped
under general duties.
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Job incumbents completed the task inventories by indicating whether or
not they perform each task, the relative amount of time spent performing the
task, and the relative importance of the task. The decision to use these

particular scales for rating tasks was based on the requirements of the
Uniform Guidelines on Employee Selection Procedures (1978) and on previous

.* research on task inventories. The Guidelines indicate that the "critical
or important work behaviors" should be identified when conducting a job
analysis for content validity. Extensive research by Christal and his associ-
ates (Christal, 1974) indicates that workers can apparently state with confi-
dence that they spend more time with one task than with another.

Before being finalized, the occupational survey questionnaires were
reviewed by job experts and pretested on a small sample of job incumbents.

The job experts, who included supervisors, journeyworkers, instructors, and
apprentices in each trade, reviewed the questionnaires according to instructions
provided by the project staff. The review and pretesting resulted in several
changes being made in the questionnaires. The final version of the question-
naires was administered to a stratified random sample of over 5000 workers at

15 Naval installations throughout the United States.

The analysis of the data collected, which is now taking place, focuses
on the major objectives of the project: development of valid selection pro-

cedures and improvement of training programs. In developing valid selection
procedures it is necessary to identify the critical work behaviors or tasks
as the first step in determining the abilities required to perform a job
successfully. The identification of common duties shared by different occupa-
tions will allow the development of common selection procedures for clusters
of blue collar occupations and the improvement and standardization of the
basic elements of apprentice training programs. A common examination for

skilled blue collar occupations will be cost effective both in its develop-
ment and administration. If found to be valid, the use of the examination

will aid in the selection and training of a highly productive and skilled
blue collar workforce.
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APPENDIX A

NAVAL TRADES AND CRAFTS SURVEYED

Air-conditioning Equipment Mechanic

Aircraft Electrician

Aircraft Engine Mechanic

Aircraft Instrument Mechanic

Aircraft Mechanic

Boilermaker

Boiler Plant Operator

Carpenter

Electronic Mechanic

Electrician

Electroplater

Equipment Mechanic (formerly Marine Machinist)

Inside Machinist

Insulator

Painter

Pipefitter

Rigger

Sheetmetal Mechanic

Sheetmetal Mechanic (Aircraft)

Shipfitter

Shipwright

Welder
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APPENDIX B

DUTIES THAT MAY BE COMMON TO TRADES AND CRAFTS

1. Read and interpret manuals, written instructions, forms, and
official documents

2. Read and interpret blueprints, diagrams, or drawings

3. Read and interpret graphs, tables and other written

numerical materials

4. Read and interpret visual displays such as dials, gauges,

clocks, and signal lights

* 5. Prepare written reports

6. Use measuring devices such as rulers, calipers, voltmeters,
and thermometers

7. Follow oral instructions

8. Give oral instructions

9. Inspect or test materials or equipment

10. Estimate the speed of moving parts or objects

11. Estimate the quantity of material

12. Estimate the size or weight of materials or equipment

13. Troubleshoot.and repair equipment

14. Set-up and adjust equipment

15. Guide or control materials being processed

16. Assemble or disassemble parts or equipment

17. Clean parts or equipment

18. Teach or instruct trainees about job

19. Operate hand-held or portable tools (including
power tools)

20. Operate bench tools and stationary machinery
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21. Lead or oversee the work of others

22. Plan the best way to complete an assignment

23. Perform addition, subtraction, multiplication,
or division

24. Use or calculate fractions, decimals, or percentages

25. Use algebraic formulas to make computations

26. Use geometry

27, Use trigonometry

14
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In February of 1980, the Coast Guard began a study to look at and, if
necessary, replace its existing performance appraisal system. The study,
conducted jointly with an outside contractor, w.; originally estimated to be a
three year effort. Rapid deterioration of the existing system, however,
resulted in the imposition of a deadline for implementation of a replacement
system. The three year project now was to be completed in eighteen months.

This paper is a look at the development of this system as well as the

strategy used to achieve its' implementation within the reduced time frame.
It will provide some insight into organizational change and the manner by
which it can be brought about.

Introduction

The Coast Guard's present officer fitness reporting system was developed
in 1965, and except for minor modifications, has remained unchanged since it
was introduced. The system has functioned remarkably well over the years

* especially when compared to performance appraisal systems of other
organizations which typically last 2-4 years. However, like all appraisal
systems which help to determine promotion and assignment, the Coast Guard's
system began to experience inflation on the appraisal form's rating scales.
The continuing inflation was also combined with an increasing number of
successful attacks on the promotion and appraisal process by dissatified
officers through the Board for the Correction of Military Records (BCMR).
These two factors proved to be the primary reasons behind the initiation of a
study by the Coast Guard Chief of Personnel to examine the officer evaluation
system. The Officer Performance Evaluation Study (OPES), as the effort was
called, was given a mandate to "review the existing appraisal system and, if
appropriate, make recommendations for change". We approached this objective
by dividing it into five major areas of work which are as follows:

-Define the Coast Guard environment as it may relate to the performance
appraisal of officers.

-Establish the functions the officer fitness reporting system should be
expected to serve and the criteria by which to judge these functions.

-Review the current system in terms of its ability to meet the previous
two tasks and, if necessary;

-Identify prototypes which accomplish these functions, meet the criteria,
are compatable with the Coast Guard environment, and correct for current
system short falls.

-Identify the optimum prototype.

After 12 months of work, the OPES group accomplished these five tasks
identifying a need to substantially change the existing appraisal system.
After successfully convincing Coast Guard leadership of this need and gaining
their acceptance for our prototype design, we began the sizeable task of
implementing a new appraisal system in the Coast Guard. Our implementation
program and final system design was divided into four major areas of effort
described in the following steps:

-Develop a training orientation program for the officer corps.
-Operationally test the prototype across a Coast Guard district
-Implement the system, from the top ranks down.
-Develop an automated data process (ADP) system to monitor the program,
once implemented.
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DEVELOPMENT OF THE COAST GUARD APPRAISAL SYSTEM---THE RESEARCH APPROACH
(See Figure 1)

State-of-the-Art

The Officer Performance Evaluation Study (OPES) group from the outset
adopted a practical, action-oriented approach to its research. It began with
an in-depth look at the state-of-the-art in performance appraisal, both theory
and practice. Several military, private, and public sector organizations were
contacted in an effort to study alternative performance appraisal systems.
Although most of these organizations had appraisal needs very different from
our own, it was valuable to identify how they dealt with their particular
appraisal problems. The study group through this process was able to identify

* many techniques which frequently provide positive results, as well as several
which frequently fail. This survey also provided the Coast Guard with a
wealth of research data accumulated in other study efforts at relatively little
expense.

The OPES Group

The Officer Performance Evaluation Study (OPES) Group was directed and
coordinated on a full-time basis by the authors, a Coast Guard Commander and a
civilian assistant. We were greatly assisted by the help of a full time
outside consultant who brought considerable experience in the design of
appraisal systems. In addition, working with us on a part time basis were
several highly qualified officers and civilians who formed the two OPES
advisory groups. Advisory Group I consisted of personnel and management
experts who provided professional information, both theoretical and Coast
Guard related on a day-to-day basis. Advisory Group II were upper level
program managers who proved to be very important in terms of the assistance
they provided in policy related matters and especially in overcoming
bureaucratic obstacles which frequently plagued us in the beginning. Many
times, major setbacks were avoided over matters such as shortages of money or
manpower when one or more members of the group came to our assistance.

Bringing the members of these two groups into the study process and
keeping them informed proved many times to be a wise decision. Besides
providing us with a wealth of human knowledge and dedicated assistance,
they helped to develop a broad base of top level management and expert support
within the organization. This would prove to be the difference between
success and failure in the later months of the study. (See figure 2)

Legal Review

The study group conducted an in-depth review of the laws governing the
management of the Coast Guard officer corps, specifically those in Title 14 of
the U.S.CODE. In addition, Title 7 of the 1964 Civil Rights Act and the 1978
Uniform Guidelines were relevent since they provide organizations with a
framework for designing and executing personnel actions such as performance
appraisal.

The Uniform Guidelines, adopted by the government agencies concerned with
enforcement of the Civil Rights legislation of Title 7 US Code, represent the
most significant government work on performance appraisal to date. The basic
thrust of the guidelines is to encourage employers and organizations to
maintain formal, validated performance appraisal programs. Today most
organizations are designing or revising their appraisal systems with the
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guidelines as the starting point. Although the Coast Guard as a military
service was not required to conform to the Uniform Guidelines we did not see a
conflict between the military environment and establishing a performance
appraisal system that would be job-related, avoid adverse impact, and be based
on one of the forms of validation acceptable to the guidelines.

Coast Guard in the 1980's

Because the success of an appraisal system depends heavily on the
organization in which it will be used, it was necessary to look at the
direction of the Coast Guard as it entered the 1980's. Among the issues
considered by the study group were:

-the increasing complexity of Coast Guard missions and the resulting
trend toward officer specialization.

-the increasing qualification of officers entering the service through
the highly selective Coast Guard Academy and OCS programs.

-the increasing sophistication of the officer corps in terms of their
awareness of promotion and appraisal procedures and policies.

-possible changes to the Coast Guard promotion system and other personnel
policies and procedures.

We felt it was necessary to consider the environment and specifically the
challenges a performance appraisal system would have to face in the next ten
years. Our examination of the current fitness reporting system and any
recommendations for changes would therefore be made not only in consideration
of present needs but also those of the future.

Policies and Procedures

Our investigation of the existing Coast Guard fitness reporting system
began with a look at both the policies and procedures affecting, and affected
by performance appraisal. These included; the roles of the various
individuals in the rating chain, the personnel manual regulations, how the
forms were used for promotion and assignment, handling of the forms at
headquarters, and even ease of typing. It was felt that in order to really
understand the performance appraisal needs of the Coast Guard, a complete
knowledge of the formal and informal structure was necessary. It was a

* '.- primary strategy behind the study to capture the perspectives of all people
directly or indirectly affected by the fitness reporting system. We determined
there were three primary categories of individuals. These groups could
provide the best insight into the true state of the existing system, as well
as provide any evidence supporting a need to change. The three categories
were identified as the actual fitness report form users, the leadership, and
the officer corps in general. A discussion of these perspectives follows.

* Policies and Procedures - Perspective 1: Headquarter's Use

Two groups were considered "Headquarters users"; selection board members
responsible for both promotion and special assignment such as command, and
assignment managers responsible for the routine assignment of officers. To
gain the views of each group, two approaches were taken. First, a mail survey
was sent to all members of the boards (approx. 90 officers) convening between
1978 and 1979. The purpose of the survey was to identify the requirements of
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an appraisal form in the selection and promotion process and then to identify
the strengths and weaknesses of the existing forms in light of those
requirements. Secondly, interviews were conducted with sitting promotion
boards immediately at the conclusion of each board process. The interviews
attempted to follow up on the information gained in the mail surveys and also
test alternatives for change postulated by the study group.

The second group of Headquarters users, the assignment managers, were
subjected to in-depth interviews which focused on the use of the fitness
report in the assignment process. The interviews sought to obtain several
types of information including: the role of the fitness report in the
assignment process; the strengths and weaknesses of the current system as it
relates to assignment managers' duties; and recommendations for changes that
would improve the effectiveness of the assignment managers in their jobs.

Policies and Procedures - Perspective 2: Leadership

The second perspective on the officer appraisal system was that of the
Coast Guard leadership. In an organization such as the Coast Guard, the
attitudes, perceptions and values of the leadership will have a great
influence on the direction and perspectives taken by the whole of the
organization. Especially in an area as sensitive as performance appraisal,
there was a critical need to understand the views and opinions of the 27
admirals who comprised the leadership body and to gain their support and
understanding. To do this, the study group conducted on-site personal
interviews with each of the admirals to not only solicit their views but also
gain their support. Each flag officer was given a briefing on the study, as
well as, possible system alternatives. Their opinions and reactions were
recorded and summarized providing a valuable data base for much of the work
done later in the study.

Policies and Procedures - Perspective 3: Officer Corps

The third perspective was that of the officer corps as a whole. No
personnel system having a significant impact on its members' career status can
hope to be effective without the support of the individuals it affects. Our
group hoped to gain both insight and support through a comprehensive mail
survey sent to one-third of the officer corps (about 2000 officers). By
allowing a large number of officers to provide input to the study not only did
we gather a data base but, in addition, we created interest in the group's
work. Included in the data collected were: attitudes of seniors and
subordinates toward carrying out appraisal responsibilities, attitudes toward
system alternatives, attitudes toward the present system, and variations in
opinion according to career fields.

Integrated Analysis of the Data

The survey results, personal interviews, reviews of institutional
policies, reviews of state-of-the-art methodologies and reviews of the law,
enabled the OPES group to establish with reasonable confidence the
organizational functions that should be served by an appraisal system in the
Coast Guard. The task then was to identify a system with the proper balance
of appraisal techniques which would meet the needs and expectations of the
organization while not exceeding the limits of organizational acceptability.
To accomplish this, the study group established the following critera against
which an appraisal system should be measured.
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-It should accomplish the functions identified by the organization.
-It should be accepted by the users.
-It should conform to the Uniform Guidelines.
-It should be consistent with a military organization.

Using these criteria as a guide, each section of the existing fitness
report form and the corresponding policies were analyzed. The result of this
analysis was an identification of the strengths and weaknesses of the fitness
reporting system.

Field Research

With the identification of the specific strengths and weaknesses of the
existing system, efforts to build a replacement system began. The approach
used in the development of the initial prototypes was to build upon the
strengths of the current system while selecting state-of-the-art,
organizationally realistic, techniques to replace the weaknesses. Choosing
from several options, the study group eventually focused on one basic
prototype model while maintaining a number of alternative techniques.

In order to gain additional information on the feasibility of the
prototype and some of its various options, a field research excercise was
developed. The test was designed to provide information on the success of the
model under real Coast Guard operating conditions and to determine if the
officers tested possessed the management and performance appraisal skills
necessary to carry out the requirements of the models. Conducted in the Fifth
Coast Guard District (Portsmouth, VA), the activity included approximately 110
officers involved in a variety of Coast Guard activities. The participants
experienced a modified appraisal period using the test system in the recording
of actual performance. Following the exercise, two questionnaires were
conducted, one addressing the merits of the system itself, the other assessing
the officers' management skills.

The field research activity proved to be very valuable in terms of
reducing the uncertainty that the group felt for its design work. It also
provided an assessment of the training needs that would have to be met if the
prototypes "process approach " to appraisal were implemented in the officer
corps. The test confirmed our group's belief that performance appraisal
trainirg would be necessary with the introduction of the new system.

System Recommendation: Conclusion of Research Phase

In April of 1981, fourteen months after the beginning of the OPES
project, the Commandant of the Coast Guard was presented with a design for a
new officer appraisal system and a strategy to bring about the system's
implementation. Following a lengthy briefing and discussion, the system and
plan for its introduction was accepted. This event concluded the first phase
of the OPES study. The period up to the Commandant's acceptance of the
precepts of the system, had been essentially a research and development phase.
The next phase however, would be significantly different. Having designed a
new system which would meet the criteria we had set earlier, we changed our
focus to preparing the organization for what we began to see as a major
organizational intervention. The OPES group now had to develop the policies
and procedures to achieve tie system functions yet not make it
organizationally unworkr le.
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DEVELOPMENT OF THE COAST GUARD APPRAISAL SYSTEM IMPLEMENTATION STRATEGY

Final System Design

The final decision on many of the accompanying features, policies and
procedures, took months to complete. New personnel manual regulations had to
be drafted to reflect the restructured policies and procedures. The forms
were examined for issues such as color, layout, ease of typing and
administrative handling. Ancillary issues such as educational evaluations and
non-military raters had to be addressed. Even the wording on the forms had to
be carefully chosen. To assist in this last task a panel of eleven Coast
Guard officers representing the various specialties of the officer corps was
convened at Headquarters. The group was used to establish the performance
standards and organizational values against which all Coast Guard officers
should be evaluated, as well as the terminology to be used in all rating
scales on the form. Finally, with the forms designed and the regulations
completed in first draft, a full test could begin.

Field Test

Conducted in the 8th Coast Guard District (New Orleans) and affecting
over 300 active duty and reserve officers, the test presented an opportunity
to observe the total system prior to actual implementation. Although the
major concepts of the system were known to be workable, we felt there were
still some administrative and user problems we were unaware of. The field
test was an attempt to identify these problems, and examine how the system
would be received when introduced in a Coast Guard district. Overall, the
exercise proved a success. The attitude of most officers who participated in
the test was positive and, aside from the additional time they felt the new
system would require, most were glad the change was being made. A battery of
five questionnaires was given at various stages of the test period soliciting
participants' attitudes towards the system and the confidence level felt in
carrying out the various appraisal period requirements. The surveys were
-oinforced by personal interviews conducted at the test's conclusion.

Training

Throughout the OPES effort we felt training would be integral to the
introduction of any new system. Evidence in support of this intuition was
replicated in the various questionnaires, interviews, tests, and reviews of
how well Coast Guard officers were carrying out performance appraisal.
Consequently, research on possible training options was begun early in the
study. Our work showed that theories on training managers in performance
appraisal skills are abundant but usually are unproven in large
organizations. Identifying an optimum solution for the Coast Guard in terms
of both cost and program effectiveness was difficult. Ultimately, a
combination orientation in the new system and brief introduction to
performance appraisal skills was chosen. The one-day session was designed
with two objectives; first, to introduce the new forms and procedures and
second, to provide an introduction to proper performance behavior through
video observation and classroom practice. Through the use of several
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videotaped scenarios, officers observe the modeling of skills needed in
effective performance counseling and appraisal. The hope is that the 8 hour
session will provide some familiarity with each technique and possibly provide
some competency in the skill. The program was also designed from the

- . standpoint that it will be the best opportunity we have to sell the officer
corps on the new system. It emphasizes heavily the benefits which may be
accrued if the system is used and, by example, it tries to eliminate the
misconceptions many officers might have. The training which has not begun at
the time of this writing will be carried out within each district by senior
officers chosen for their credibility within the corps. All officers will
receive the training prior to participation in the new system.

* Implementation

On January 1st 1982, the Coast Guard will begin under the new Officer
Performance Management System (OPMS). The name was changed from fitness
reporting system to remove any association with fitness for duty that the old

* term might imply. There were two concerns for implementation of the new
system; that it begin first with the senior officers and work down the rank
structure and; that it place as little initial burden on the Coast Guard as
necessary. To accomplishing this, the system will begin with the top three
grades of officers on 1 January the remaining grades to begin with the start
of their normal spring rating period. This approach not only insures that
senior officers are familiar with the OPMS system but that they will have the
experience to provide guidance to their subordinates.

In order to facilitate an officer's understanding of the new .ating
system and provide for its' ease of use, a "how to do it" guide to the OPMS is
also being developed and will be supplied to each Coast Guard officer. This
guide, written in an easily understandable format, is intended to address all
features of the system and discuss major problems and issues. It will also
help to reinforce the learning received in the training program.

System Discipline

The months immediately following introduction of the OPMS will be
critical to its success or failure. There must be a complete break from the
old system to the new and the requirements of the new system must be
enforced. Those officers who retain their bad habits from the old system must
be identified and educated. Those who continue to inflate marks must be held
accountable for their failure to uphold a management system which is vital to
the organization's accomplishment of its missions.

One of the techniques which will be used to assist in the maintenance of
the new system will be an automated data process (ADP) system. Information
from each appraisal form, called the Officer Performance Report (OPR), will be
computerized at Coast Guard headquarters. In addition to providing general
data on the system, such as overall trends, geographical marking differences,
etc., the ADP system will also provide data on the marking habits of each
officer. This marking data will be used to establish the credibility of
reports written by each officer during his or her career. The intent is to
reduce the value of reports written by officers who consistently inflate their
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marks while at the same time protecting officers who rate their subordinates
accurately. Promotion boards will receive information that will allow them to
review each report in light of the rating history of the individual writing
the report. Promotion boards will also receive information on a officer's
rating history when that individual is up for promotion, thus providing
incentive for an officer not to inflate subordinate evaluations. Through this
process, it will be possible to identify those officers failing to comply with
the system and provide necessary inducements; such as personal letters to the
individual and letters through the chain of command, to bring about
compliance.

Conclusion

If the Officer Performance Management System is successfully implemented
on 1 January 1982 and, more significantly, if it is accepted by the officer
corps, it will be attributable to two factors. The first is that it was
developed using a systems approach. Unlike what is all to often the case in
many large organizations, the new appraisal system will not be the product of
a few people working in isolation to develop a new policy. It was the result
of an intensive research effort which looked at many issues relating to
performance appraisal both directly and indirectly. Information was collected
from many organizations, both public and private, to gain as much research
data on performance appraisal as possible. Dozens of performance appraisal
techniques were examined but always while keeping the realities of the Coast

Guard organization in mind.

People provided a great deal of our information. Interviews and
discussion were held with hundreds of people both inside and outside the Coast
Guard. Perspectives which varied from university experts to newly commissioned
Ensigns were considered. One-third of the officer corps was surveyed in a
general questionnaire and hundreds more participated in operational tests or
other surveys during'the project. One-on-one or small group interviews were
carried out with all users of the system including the typists. In short,
this was a system designed not only to meet the needs of the Coast Guard
organization but also the needs of its people in whatever role they play.

The second factor to which we would have to attribute any eventual
success, would be our decision to keep as many people as possible informed on
the progress of the study. By providing information and soliciting feedback
we gained ownership and the support of many individuals holding critical
positions in the organization. Involving these senior managers early we were
able to identify areas of concern at a time when we had relative flexibility
especially in terms of time. As the project progressed and the system began
to take shape along with the realization that we were now heading toward a
major organizational change, these managers provided OPES with a support
base. Having eliminated most of their anxieties through education, and having
sought their input in many of the decisions, we created on their parts
understanding if not actual ownership. These alliances proved to be, during
difficult times later in the study, one of the major reasons we were able to
finish the 36 month effort in half the time.

1060



77 : 1 7 1 1. I.., .,. - .-7

This paper reflects a relatively small aspect of the new Officer
Performance Management System, that of its development. Its intent was to
describe the development of what will be a major management and organizational
change in a military organization. The real story will begin once the system
is actually implemented within the officer corps. Although we recognize it is
not the "perfect system" we believe it is a significant improvement over our
current system and will offer many organizational and individual benefits. It
is the willingness of the officer corps to accept this change that now remains
to be seen.

F
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Shields, Joyce, Hanser, Lawrence, Williams, Edward, CPT and Popelka, Beverly,

U.S. Army Research Institute for the Behavioral and Social Sciences,
Alexandria, Virginia. (Wed. PM)

Pilot Research for Validation of ASVAB and Enlistment Standards Against
Performance on the Job

The Army Research Institute (ARI) conducted an initial pilot research
project in the 193rd Infantry Bridage, Panama to determine the feasibility
of validating the Armed Services Vocational Aptitude Battery (ASVAB) and
enlistment standards against performance on the job. This report discusses
some preliminary analyses of these data. The preliminary analyses focus on
two areas. The first area deals with the definition of a "successful
soldier," and the extent to which commanding officers and NCO's agreed on
the qualities of a #successful soldier. ? The second area deals with the
relations among ASVAB 5/6/7, SQTs, and selected preliminary measures of job
performance. The result. ;uggest that the three most important factors in
overall soldier performance as indicated by supervisor consist of job
performance, troop responsiblity, and discipline. The relationship between
ASVAB and existing measures of job performance (e.g., SQT scores, awards,
honor graduate, and letter of appreciation) are also discussed.
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Pilot Research for Validation of ASVAB and

Enlistment Standards Against Performance on the Job

Joyce L. Shields, Lawrence M. Hanser, Edward W. Williams, and Beverly A. Popelka

U.S. Army Research Institute for the Behavioral and Social Sciences
Alexandria, Virginia 22333

In January 1976, the Armed Services Vocational Aptitude Battery (ASVAB)
was introduced as the single DOD selection and classification battery. The
ASVAB provides an Armed Forces Qualification Test (AFQT) score, which consists

of the word knowledge, arithmetic reasoning, and space perception subtests.
This test is the basic DOD enlistment test required by Congress as a means of
screening applicants for overall trainability and English language proficiency.
The remaining components in the ASVAB were derived from the individual service
classification test batteries, and are used for the differential assignment of
volunteers to specific inservice Technical training courses. In all, ASVAB
(Forms 5, 6, and 7) contains 13 subtests, These subtests along with a brief
description of each are listed in Table 1.

For Army use, ASVAB subtests are further combined into nine Aptitude Area
Composites. Minimum scores-on these composites are used as a prerequisite for
entering skill training programs. Successful completion of the training program

results in the award of a Military Occupational Specialty (MOS). For example,
one Aptitude Area Composite is labeled CO for Combat and is used to classify
recruits into Infantry and Armor specialties; another composite is labeled EL,
for Electronics Repair, and is used for all electronics repair specialties in
the signal and air defense fields (Maier & Grafton, 1981). The Aptitude Area
Composites along with the types of skill specialties for which the composites
serve as prerequisites are shown in Table 2.

Miscalibration of ASVAB Scoring Table

Subsequent studies revealed that a miscalibration occurred in the ASVAB
5/6/7 scoring table during its development. As a result, the Services enlisted

recruits who would have been turned away, because of low test scores if the ASVAB
had been calibrated correctly.

The calibration problem and congressional interest as to its impact prompted
the issuance if a memorandum dated 11 September 1980 from Robert B. Pirie Jr.,
directing all services to pursue a long range systematic program to validate
ASVAB and enlistment standards against performance on the job. The Army Research
Institute (ARI) conducted an initial pilot research project in the 193rd Infantry
Brigade, Panama to determine the feasibility of validating enlistment standards

The views expressed in this paper are those of the authors and do not
necessarily reflect the view of the U. S. Army Research Institute or the
Department of the Army.
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against performance on the job. This report discusses some preliminary analyses
of these data. Our preliminary analyses focuses on two areas. The first area
deals with the definition of a "successful soldier", and the extent to which
Commanding Officers and NCO's agreed on the qualities of a "successful soldier".
The second area deals with the relations among ASVAB 6/7, SQTs and selected
preliminary measures of job performance.

Agreement Between Officers and NCOs on the Importance of Rating Factors

A total of 526 first-term soldiers participated in the research. In addition,
26 Company Commanders and 26 First Sergeants, from the units representing the
tested troops, along with a total of 203 first line supervisors (squad leaders)
completed job performance ratings and rankings on these same first-term soldiers.
Combat units representing the Infantry; and support units representing Military
Intelligence, Military Police, Transportation, and Medical specialties were
included in the study.

As part of a special data collection, ARI researchers investigated (1)
the extent to which Company Commanders and their First Sergeants agree on what
it means to be a successful or unsuccessful soldier, and (2) more importantly to
find out which of these indicators are considered to be the most important to
Commanders and First Sergeants presently in the field. Three types of data
were collected from Company Commanders and First Sergeants to focus on this issue:

1) Each was asked to rate 49 factors which could be used to measure
the quality of a soldier's job performance. Ratings were on a scale of importance
as indicators of job performance.

2) Each was asked to independently choose the ten most successful and
the ten least successful soldiers from among first-term troops in his company.

3) Each was asked to list several observable behaviors exhibited by
these soldiers which would indicate why a soldier had been chosen as one of
the most or least successful.

Average ratings of the 49 individual job performance factors are attached

as Appendix A. Averages were calculated across all raters as well as separately
for Company Commanders and First Sergeants. Note that it appears that First
Sergeants generally tended to rate items as more important than Company Commanders.
This probably indicates a different response set rather than true differences.
However, it is interesting to note that this trend is reversed for ratings of
Discipline Factors. First Sergeants generally considered these factors as less
important than Company Commanders.

In Appendix B, the 49 factors are grouped into those generally considered
'Extremely Important', 'Very Important', 'Important', and 'Somewhat Important.'
These groupings provide a broad overview of what is considered important or not
important by command personnel of the 193rd Inf Bde, Panama for evaluating job
performance.
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Ratings of the 49 factors were also checked for agreement both within
companies (Commanding Officer and First Sergeant) as well as across all
respondents. The range of agreement between a CO and his ISG varied from a
low of -.08 to a high of .60. Of 23 companies eligible for this analysis,
acceptable agreement between Commanders and First Sergeants occurred in 13
companies (.33+), in our judgment. The average level of agreement across all
23 companies responding is .28.

Company Commanders and First Sergeants were also asked to select their 10
most and 10 least successful soldiers and to list specific characteristics of
accomplishments used in selecting them. Although responses were received in
many content areas (e.g., job performance, troop responsibilities, relationship
with others, respect for authority, motivation, and personal behavior), the
major areas of agreement between Company Commanders and First Sergeants were in
the content areas of job performance, troop responsibilities, and personal
behavior/discipline. Table 3 summarizes the characteristics and accomplishments
that were common to both the Commander's and First Sergeant's lists of the 10
most and 10 least successful soldiers.

Preliminary Conclusions

These data provide some interesting suggestions, both for practical
application as well as future research. It's interesting to note that the
three factors identified as "extremely important" for indicating quality of
job performance (Appendix B): (1) performs job satisfactorily; (2) accepts
responsibility; and (3) resists authority, correspond to the major categories
within which comments from Company Commanders and First Sergeants fall; that
is, job performance, troop responsiblity, and discipline. Ihus, these data
serve to corroborate one another.

The moderate level of agreement among Company Commanders and First Sergeants
* suggests that while there is a kernel of agreement regarding what is meant by

good job performance, there is room for improvement. This baseline level of
agreement is sufficiently high, however, to cause us to be optimistic about the
possible future utility of supervisory ratings of job performance. As indicated
previously, it is felt that an organized effort to clarify these concepts among
supervisory personnel would have a direct impact on improving job performance.

Interesting questions which arise from the data include:

1. How do military personnel arrive at a concept of good job performance?

* •2. Why are letters of appreciation not considered more important as
indicators of job performance?

3. How does one operationalize concepts such as "accepts responsiblity"

and "resists authority"?
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Relationship Among ASVAB 6/7, SQTs, and Selected Measures of Job Performance

The second phase of the preliminary analysis focused on the relations among
ASVAB 6/7, SQTs, and selected measures of job performance. The central problem
of validating enlistment standards and tests against actual job performance is
that no measure of job performance exists in the Army. With the absence of such
a measure we attempted to estimate the quality of an individual's performance
by assessing various indicators that have some logical, although imperfect
relationship to job performance. The indicators used included (1) Skill Quali-
fication Test Scores, (2) Number of awards, (3) Number of additional military
courses completed, (4) Number of letter of appreciation, (5) Number of Article
15's (6) Honor graduate status in training schools, and (7) Peer and supervisory
ratings and rankings.

Analysis

I The preliminary analyses consisted of computing simple correlations among
Aptitude Area Composite scores and job performance measures.

Correlations were computed for llB's and 95B's separately, as well as for the
total sample. Correlation matrices were not computed for samples having less
than 50 soldiers. Thus, 63B's, 64C's and 91B's were not analyzed separately;
however, these MOSs were included in the analysis of the total sample. Finally,
correlation coefficients were computed to determine the agreement between platoon
sergeants on first-term soldiers' job performance. For this analysis the platoon
leader's and platoon sergeant's rankings were correlated.

Results and Discussion

Two major issues were considered: (1) the meaning and quality of the
various criterion measures, and (2) the relationships between scores on ASVAB 6/7
and criterion measures. The results of the analyses appear in Table 4 through 9.

Table 4 shows the extent of agreement between platoon leader and platoon
sergeant rankings of first term soldiers in six platoons where sufficient data
existed to perform this analysis. The average agreement was r - 0.78. This
result indicates that there is reasonable consensual agreement between platoon
leaders and platoon sergeants with regard to which soldiers are "good" soldiers
and which soldiers are "poor" soldiers.

Tables 5, 6, and 7 are identical except for the sample on which the cor-
relations were calculated. Table 5 includes the total sample from Panama; Table
6 includes only soldiers in MOS 11B; Table 7 includes only soldiers in MOS 95B.
There are a number of substantial and interesting relations found in Table 5.
For example soldiers who perform better on SQTs also tend to have received more
awards (r - .43), and to have completed more additional military training courses
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such as airborne school (r f .34). It may be that these soldiers perform
better on SQTs because they are better trained, or perhaps their higher scores
on SQTs and enrollment in additional military training are both the result of
a higher level of motivation. Note that subjective ranking tends to be correlated
with behavior (r = .27), such as SQT performance, which could be observed by
platoon leaders. This suggests that these subjective rankings are not merely
a reflection of popularity, but probably are grounded in actual performance as
well. Similar results appear in Table 6 for the lB MOS. For example, platoon
leaders apparently are cognizant of Article 15's, and rank lower a soldier who
has received them (r - .33).

In all three Tables, a significant relation exists between peer and platoon
leader rankings. It is difficult to determine, from these data, the basis on
which peer rankings were given, however, their correlations with platoon leader
rankings indicate that they too are more than the result of a popularity contest.
The paucity of significant relations for the 95B sample (Table 7) is inexplicable.
It may be a reflection of the smaller sample size, or perhaps a reflection of
true differences between the 95B and liB samples. Tables 8 and 9 contain the
correlations of the various criterion measures with Aptitude Area Composite
scores from ASVAB 6/7. Before discussing the content of the Tables a few points
need to be addressed.

In 1980 an error in the calibration of ASVAB 6/7 scores was discovered. This
error had the impact of substantially lowering enlistment standards. That is,
recruits were enlisted who would not have qualified had the ASVAB 6/7 been
calibrated correctly. Analyses reported here are based on a recalibration of
ASVAB 6/7 to the correct level. In the course of the analyses, it was discovered
that, of the soldiers tested in Panama, sixty-four llBs and thirty-one 95Bs
would not have been qualified for reenlistment under the corrected calibration
of ASVAB 6/7. The impact of this result is not addressed as part of this report.

The soldiers who participated in the data collection in Panama initially
were qualified for enlistment on the basis of their ASVAB 6/7 scores. The
measures and standard deviations for each Aptitude Area Composite in an unselected
population are 100 and 20, respectively. Because entry into the lB MOS is on
the basis of scores on the CO Aptitude Area Composite, explicit selection has
occurred on this variable. By explicit selection, we mean that recruits were
classified into an MOS based on their score on a specific composite (a minimum
score of 90 was required on CO for enlistment in lIB, and a minimum score of 100
was required on ST for enlistment in 95B). This results in a restricted range
of scores for the selected group on the explicit selection variable.

The same restriction has occurred for 95B and ST. One indication of this
is that CO for llBs and ST for 95Bs have the smallest standard deviation within
each group. As a result, all correlations with CO for llBs and ST for 95Bs
have been corrected for the effects of explicit selection on one variable by a
formula provided in Lord and Novick (1968). Since the Aptitude Area Composite
scores are correlated among themselves, correlations with other composites are
also likely to be slightly depressed.
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The descriptive information provided by the means and standard deviations
in Tables 8 and 9 provide interesting insight. The standard deviations indicate
that, as a group, soldiers in the lB MOS have more widely variable ability as
measured by the ASVAB 6/7 than soldiers in the 95B MOS. However, note that
soldiers in the 95B MOS have a generally higher level of ability. In fact the
mean difference on composites ranges from approximately 6 to 16 points. One
interesting result is that on the basis of mean composite scores, the soldiers
in the 95B MOS are more qualified to be in the Infantry than the llBs (96.34 vs.
90.21). The Army's current differential classification system is demonstrated
here, in that even though the 95Bs would have qualified for entry into the lB
MOS training, they were also qualified for entry into 95B MOS training; which

- requires a higher Aptitude Area Composite Score on ST than llB MOS requires in
* CO.

Turning next to the correlations themselves, the first result is the
differing pattern of correlations for the llB and 95B samples. Again, this
could be either an artifact of sample size or a reflection of true differences.
For both groups the correlations between SQTs and the ASVAB composites are
large, ranging from r - .30 to r = .63. The validity of the Army's classification
system is supported partially by the result that CO for liBs and ST for 95Bs
show the highest correlation with SQTs, respectively. Further, even if all
composites are corrected for restriction in range the above is still true. A

jfinal comparison between the liB and 95B data shows that peer rank exhibits
reasonably high correlations with ASVAB composites for 95Bs, but no correlations

* for lB. The complete lack of correlation in the lIB sample at the very least
- indicates that the criterion measures used by enlisted personnel to rank on the

job performance of peers differs from the 95B to liB group.

While the remaining correlations are somewhat smaller they may be worth
considering. The number of small but significant correlations between the
Composites and awards, additional military courses, and Honor graduate status
indicates that ASVAB is predictive of other indicators of job performance.

Finally, while these data seem to indicate a relationship between ASVAB
scores and job performance, it is still too early to determine if it will be
feasible to set enlistment standards based on job performance. Much work remains
to be done in refining existing measures of performance or developing composites
of existing measures of performance for occupational specialties within the broad
occupational areas we have examined.

10-
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Table 1

Content - ASVAB Forms 5, 6, and 7

No. of Time Test
Test Items (Minutes) Descriptions

General
Information (GI) 15 07 A test on knowledge of geography,

sports, history, automobiles.

Numerical
Operations (NO) 50 03 A speed test of the four

arithmetic operations- ad-
dition, subtraction, multi-
plication, division.

Attention to Detail (AD) 30 05 A test of clerical speed and
accuracy by counting the num-
ber of "C"s embedded in a
series of "O"s. Involves
knowledge of word meaning.

Word
Knowledge (WK)* 30 10 A test of knowledge

of word meanings.

:. Arithmetic
Reasoning (AR)* 20 20 A test of reasoning

and arithmetic processes.

' Space
Perception (SP)* 20 12 A test which involves the

selection of three dimen-
sional figures which are
formed by folding the pattern.

- . Mathematics
. Knowledge (MK) 20 20 A test of knowledge and skills

in algebra, geometry, and
fractions.

0 Electronic
" Information (El) 30 15 A test of knowledge of

elementary principles of
electricity and electronics.
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Table 1 continued

Mechanical
Comprehension (MC) 20 15 A test involving mechanical

principles such as gears,
pulleys, and hydraulics.

General
Science (GS) 20 10 A test involving knowledge

of physical and biological
sciences.

Shop Information (SI) 20 08 A test involving knowledge
of shop procedures and the
use of tools.

Automotive
Information (AI) 20 10 A test involving knowledge

of auto repairs and recog-
nition of symptoms of various
malfunctions.

TOTAL 295 135

* Scores on these three subtests are added together to provide AFQT scores.

Note: The Army Classification Inventory (87 items and about 20 minutes in time)
is administered along with Form 6 and 7 as part of the operational testing
procedure.
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Table 2

Aptitude Area Composites (6 & 7)
and Prerequisite for Major Groups of Army MOS

Area Aptitude ASVAB 6/7 Military Occupational
Composite Subtests Specialties (MOS)

CO (Combat) AR+SI+SP+AD+ Infantry, Armor, Combat
CC Engineer

FA (Field Artillery) AR+GI+MK+EI+ Field Cannon and
CA Rocket Artillery

EL (Electronics Repair) AR+EI+SI+MC+ Missile Repair, Air Defense
CE Repair, Electronics Repair,

Fixed Plant Communications
Repair

OF (Operators & Food) GI+AI+CA Missile Crewmen, Air Defense
Crewmen, Driver, Food Services

SC (Survellance &
Communications) AR+WK4MC+SP Target Acquisition and Combat

Surveillance, Communications
Operations

MM (Motor Maintenance) ME+EI+SI+AI+ Mechanical and Aircraft
CM Maintenance, Rails

GM (General Maintenance) AR+GSB+MC+AI Construction and Utilities,
Chemical, Marine Petro.

CL (Clerical) AR+WK+AD+CA Administrative, Finance,
Supply

ST (Skilled Technical) AR+MK+GSB Medical, Military Policeman,
Intelligence, Data Processing,

Air Control, Topography and
Printing, Information and
Audio Visual

GT (General Technical) AR+WK Not currently used for
classification into a par-
ticular MOS
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Table 3

LIST OF CHARACTERISTICS AND ACCOMPLISHMENTS BY
COMPANY COMMANDERS AND FIRST SERGEANTS

Most Successful Least Successful

JOB PERFORMANCE:

Soldiers High on SQT Not Prompt

Soldier of the Month Low SQT Scores

Assignment To Duty Position Poor Job Performance
Authorized at Higher Grade

Overall Duty Performance
(In Garrison and Field)

Selection to Bde Machine

Gun Team

* TROOP RESPONSIBILITIES

Needs Little Supervision Needs Constant Supervision

Accepts Responsibilities Does Not Accept Responsibilities

RESPECT FOR AUTHORITY

Attitude

Disrespect for Authority

MOTIVATION

Initiative Lacks Motivation

Self Motivation

PERSONAL BEHAVIOR/DISCIPLINE

Has Good Uniform Appearance Drug Abuse

Has Good Moral and Personal Article 15's
Behavior

Counseling Statements

AWOL

Has Poor Uniform Appearance

Physical Condition
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Table 4

Agreement Between Platoon Leaders
and Platoon Sergeants from Six Platoons

on First-Term Soldiers'
Job Performance

Correlation between platoon leader
rankings and platoon sergeants rank-

Number of First-Term ings on first-term soldiers job
Soldiers Being Rated Performance.

10 .80
13 .50
14 .72
10 .87
8 .96
11 .80
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APPENDIX A

c. List some specific characteristics or problems which you have
observed with these ten least successful first tour personnel
which led you to select them. For example: One fell asleep
while on guard duty.

Step 3. Please rate each of the following factors as to how critical you
feel each factor is in indicating the quality of an individual's
overall performance.

Importance Scale

5 - Extremely Important

4 - Very Important

3 - Important
2 - Somewhat Important
I - Not Important At All

CO Overall ISG
Means

Importance
Scale Performance On-The-Job

2.71 2.88 3.04 Current Grade

3.50 3.75 4.00 Assignment to Duty Position
Authorized at Higher Grade

1.92 2.10 2.29 Time from El to E2

2.17 2.33 2.50 Time from E2 to E3

2.79 2.83 2.88 Time from E3 to E4

3.50 3.50 3.50 Time from E4 to E5

3.83 3.83 3.83 SOT Score

4.17 4.21 4.25 Reduction(s) for Inefficiency

4.00 4.10 4.21 Letter(s) Counseling for Inefficiency
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Importance Scale

Extremely Important

4 - Very Important
3 - Important
2 - Somewhat Important
I - Not Important At All

Other

Importance

Scale

Presence of SMOS

3.00 3.19 3.38 Acquired OJT

3.46 3.54 3.63 Graduate MOS Awarding School

Awards and Decorations

3.92 3.81 3.71 Meritorious Service Medal

3.63 3...2. 3.71 Army Comendation Medal (Merit)

2.33 2.& 3.42 Good Conduct Award

3.00 3-a& 3.7 Letters of Recognition (Appreciation)

Discipline

Court Martial(s)

4.67 4.23 3.79 General

4.79 4.48 4.17 Special

4.54 4.04 3.54 Summary

3.88 3.83 3.79 Non-Judicial Punishments (Art. 15)

3.96 3.94 3.92 Days AWOL

4.58 4,. 4.42 Times AWOL
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Importance Scale

5 - Extremely Important
4 - Very Important
3 - Important
2 - Somewhat Important
1 - Not Important At All

Administrative

Importance

Scale

Highest Security Clearance Attained

3.67 3.69 3.71 Top Secret

3.21 3.52 3.83 Secret

2.83 3.08 3.33 Confidential

3.63 3.85 4.08 Letter(s) of Indebtedness

2.83 V 3.63 Auto Accidents Held at Fault

4.38 L4 4.50 Bar to Reenlistment

Self-Improvement Efforts

4.08 4.23 4.38 Educational Level Attained

3.88 4.17 4.46 Enrolled in GED Program

Enrolled in Non-Resident Military
3.79 4.02 4.26 Education Program

3.54 3.81 4.08 Special Training

3.58 3.83 4.08 Schools Attended
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Importance Scale

5 - Extremely Important
4 - Very Important
3 - Important
2 - Somewhat Important
I - Not Important At All

Miscel lanecous

* Importance

* . Scale

3.96 3.94 3.92 Physical Profile

3.09 3.34 3.58 Peer Ratings (if they vere systematically collected)

Please list any additional variables
we might have omitted

GO ON TO THE NEXT PAGE.

1084



IMPORTANCE OF PERFORMANCE RATINGS

Now important to you are each of the following behaviors in evaluating the enlistee.

Importance Scale

5 = Extremely Important
4 - Very Important

3 a Important
2 - Somewhat Important
1 - Not Important At All

4.58 4.67 4.751. Performs job satisfactorily.

3.71 3.69 3.672. Has difficulty comunicating effectively.

4.50 4.48 4.46 3. Sets a good example for co-workers.

4.71 4.63 4.544. Accepts responsibility.

4.63 4.54 4.465. Resists authority.

3.83 4.15 4.46 6. Shows good judgement in expressing opinions.

4.67 4.48 4.297. Needs constant supervision.

3.96 4.06 4.17 8. Conforms to Army appearance standards.

3.79 3.73 3.67 9. Has been a disciplinary problem within the last six months.

4.08 4 4.3810. Works well with others.

3.88 -2 4.0011. Possesses capacity to acquire knowledge/group concepts.

4.08 4_0 4.1312. Demonstrates appropriate knowledge and expertise in assigned tasks.

3.88 4-0 4.1313. Maintains appropriate level of physical fitness.

4.46 I. 4.4614. Performs well under physical and mental stress.

4.08 L 4.1315. Was absent without leave (AWOL).

..

THANK YOU FOR YOUR COOPERATION.
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Appendix B

Factors identified as 'Extremely Important' for indicating the quality of an
individual's overall job performance.

1. Performs Job satisfactorily.

2. Accepts responsibility.

3. Resists authority.

'1
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Factors identified as 'Very Important' for indicating the quality of
an individual's overall job performance.

1. Times AWOL

2. Special Court Martial

3. Sets a good example for co-workers.

4. Needs constant supervision.

5. Performs well under physical and mental stress.

6. Bar to reenlistment.

7. General Court Martial

8. Educational level attained.

9. Works well with others.

10. Reductions for inefficiency.

11. Enrolled in GED program.

12. Shows good judgment in expressing opinions.

13. Letters counseling for inefficiency.

14. Demonstrates appropriate knowledge and expertise in assigned tasks.

15. Was AWOL.

16. Conforms to Army appearance standards.

17. Summary Court Martial.

18. Enrolled in non-resident Military Education Program.

19. Maintains appropriate level of physical fitness.

20. Days AWOL.

21. Possesses capacity to acquire knowledge/group concepts.

22. Physical profile.

23. Letters of indebtedness.

24. Schools attended.
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'D P00 1375
An Examination of the Group Differences Aspect of the Construct

Validity of the Organizational Assessment Package

Major Lawrence 0. Short
Lt Col David A. Wilkerson

Directorate of Research and Analysis
Leadership and Management Development Center

Maxwell AFB AL 3G116

The Organizational Assessment Package (OAP) is currently being revised by
Leadership and Management Development Center researchers. A part of this
revision is reexamining the validity of the survey instrument in the light of
data and experience gained from two years of field use. Specifically the
study concerned the group differences aspect of construct validity. Support
is offered for OAP construct validity as differences by OAP factor across
major functional area groupings seemed consistent and strong. The differ-
ences also held across logical groupings of factors. Results were more equi-
vocal, however, in testing hypotheses concerning specific pairs comparisons
within factors. Discussion is offered regarding results, and conclusions and
recommendations for additional validity research are presented.

A
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An Examination of the Group Differences Aspect of the Construct
Validity of the Organizational Assessment Package 1

The validity of a survey instrument is often defined as the extent to
which the instrument measures what it intends to measure (Carmines and
Zeller, 1979). Since validity is also often considered the most essential
feature of an instrument, its adequate and accurate determination generally
receives a high priority in instrument development, evaluation and, if neces-
sary, redesign.

Despite its importance, however, validity is often complex to deal with
in that it is a multi-faceted concept (Stanley and Hopkins, 1972), which
requires continual monitoring and updating throughout the life of an instru-
ment (Nunnally and Durham, 1975). The type of validity studied must also be
matched to the purposes and goals of the validity study. This point is well
made by Cronbach and Meehl (1955) who differentiate among types of validity
by showing that each type involves a slightly different emphasis on the
criterion measure. One particular type of validity, construct validity, is
most appropriate for use when no definite, concrete, specific, or fully valid
criterion measure is available. This type of validity seemed most-appropri-
ate in relation to the Organizational Assessment Package (OAP), the survey
instrument which is the subject of this study.

Considering Cronbach and Meehl's (1955) subtypes of construct validity,
some evidence relating to OAP construct validity is already available. Short
and Hamilton (1981) presented evidence essentially supporting the internal
structure and change-over-occasions aspects of construct validity. Prior to
this study OAP factors were expected to be internally consistent as assessed
by a Cronbach's alpha procedure and were expected to retain significant test-
retest correlations across both five week and six month time intervals. It
was further expected that the six month correlations would be lower than
those for the five week interval because of both the longer interval and the
necessity that factors be sensitive to actual organizational changes rather
than being artificially rigid. These expectations were confirmed with the
exception of some of the two or three item factors that seemed to lack either
internal consistency or stability. A factor by factor revision of both the
OAP and its supporting hardware and software systems after two years of field
use and experience is currently in progress, and the authors recommended
strengthening or deleting these factors as a part of this revision.

The purpose of this study was, therefore, twofold. After having examined
two of Cronbach and Meehl's construct validity subtypes, the first purpose
was to examine a third subtype, group differences. The second purpose was to
continue gathering information to point the way toward the revision of the
survey instrument.

1 Because of space limitations, some details of the study were discussed
more briefly than would otherwise be the case. Additional information is
available from the authors upon request.
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Method

Instrumentation

The OAP is a 109 question survey aesigned jointly by the Air Force Human
Resources Laboratory and the Leadership and Management Development Center to
aid the LMDC in its mission to: (a) provide management consulting services
to Air Force commanders upon request, (b) to provide leadership and manage-
ment training, and (c) to conduct research on Air Force systemic issues with
information within the accumulated data base. Supporting developmental
research for the OAP is provided in Hendrix and Halverson (1979a; 1979b) and
Hendrix (1979).

Administration of the survey is the first step in the consultation
process. The survey is given to a stratified random sample of the organiza-
tion to which LMDC has been invited. The results of the survey are an impor-
tant feature in the assessment of the organization. The results are handled
in a confidential manner between LMDC and the client. After approximately
five to six weeks for analysis, feedback of data is then provided to comman-
ders and supervisors within the organization.

When specific problems are encountered, a consultant and supervisor
develop a management action plan designed to resolve the problem at that
level of the organization. Within six to nine months, the consulting team
returns to readminister the survey instrument as a means to help assess the
impact of the consulting process.

The data from each OAP administration effort are stored in a cumulative
data base currently containing over 100,000 records for research purposes.
These data are aggregated by work group codes developed for this instrument.
The data may be recalled by demographics such as personnel category, age,
sex, Air Force Specialty Code (AFSC), pay grade, time in service, and educa-
tional level. Through factor analysis, the 93 attitudinal items are combined
into factors which cover job content, job interferences, and various types of
supervisory and organizational areas. OAP factor numbers and names are pre-
sented in Figure 1.

Sample and Procedure

In order to study group differences, officer, enlisted and civilian
responses to the pre-intervention OAP were drawn from the data base and
aggregated by major functional area groupings. These groupings were wing
staff, group staff, resources, maintenance, operations, medical, missiles,
communications (abbreviated "comm" in the tables to save space) and unique, a
category containing people in organizations with orientations that were
scientific, technical, research and development or special missions. The
number of persons in each functional area grouping by factor is shown in
Table 1. The number of people in each area may vary by factor because of
individual response patterns to the instrument. Capital letters are used in
Table 1 for number and standard deviation to denote the fact that these
figures represent the total number of responses available in the data base by
factor and functional area grouping.
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Factor Number Factor Name

800 Skill Variety
801 Task Identity
802 Task Significance
804 Job Feedback
805 Work Support
806 Need for Enrichment

(Job Desires)
810 Job Performance Goals
811 Pride
812 Task Characteristics
813 Task Autonomy
814 Work Repetition
816 Desired Repetitive Easy Tasks
817 Advancement/Recogni tion
818 Management-Supervi sion
819 . Supervisory Communications

Climate
820 Organizational Communications

Climate
821 Perceived Productivity (Work

Group Effectiveness)
822 Job Satisfaction
823 Job Related Training
824 General Organizational

Climate

Figure 1. OAP Factor Numbers and Names

Hypotheses tested were stated at three levels. First, it was anticipated
that all OAP factors would be sensitive enough that between group variance
would exceed within group or error variance resulting in significant F-ratios
for each factor across functional area groupings. Corresponding null hypothe-
ses of no differences among functional areas were stated for every factor.
These hypotheses were tested by use of one-way analyses of variance by factor
across functional area groupings. Because of large Ns, a significance level
of p < .001 was desirable to help assure practically significant as well as
statistically significant differences. A nominal significance level of
p < .05 was required for all omnibus F-test and follow-on multiple comparison
procedures.

Second, based in part on the work of Conlon (1980) and in part on consul-
tants' observations of task, climate, productivity and leadership patterns Air
Force wide, it was expected that factors dealing with perceptions of task
would show the widest variation across functional areas. Similarly, it was
expected that perceptions dealing with leadership function and style would be
most consistent and show the least variation across functional area groupings.

.4 Since perceptions of climate as defined in the OAP may be related to percep-
tions of task, it was expected that climate factors would show variations
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second only to task. Finally, it was expected that perceived productivity,
dependent to a degree on all the other three, would show more variation than
leadership factors but less variation than task or climate factors. These
logical factor groupings, the factors that compose them and the hypothesized
direction of differences are summarized as follows:

Perceptions of Perceptions of Perceptions of Perceptions of
Task Climate > Productivity > Leadership

(OAP Factors (OAP Factors (OAP Factor (OAP Factors
806, 812, 813) 820, 824) 821) 818, 819)

The corresponding "null hypothesis" of no differences among the four groups
was tested only by observation of F-ratios for each of the factors. For con-
venience, ratios were averaged where appropriate. While not a stringent
statistical procedure, this process did help provide a clearer presentation
of results.

Finally, specific pairwise differences between groups and direction of
differences by factor across functional area groupings were hypothesized
where information was available upon which to base-such hypotheses. All
pairs comparison contrasts were performed among the functional area sub-
groups from each factor following the omnibus F-tests using a Student-Newman-
Keuls procedure (p < .05). Space limitations prohibit the complete display
of the results of testing over 60 null hypotheses. A general statement of
results is presented in the next section, however.

Results

By reference to Table 1, all null hypotheses across functional area
groupings by factor were rejected as all omnibus F-tests were significant
beyond the .001 level. (It should be noted that Factors 800, 801, 802 and
804 were omitted from the table. These are not true factors, but are com-
posed of items already contained in Factor 812.) Additionally, by reference
to Table 1, the second "null hypothesis" of no differences among perceptions
of task, climate, productivity and leadership across functional area groups
was also rejected. Differences in observed F-ratios in the hypothesized
direction did appear. To simplify seeing this relationship, Table 2 is
extracted from Table 1 and presents only observed F-ratios and their "aver-
ages" for comparison of magnitude and directionality.

* Finally, testing of the specific group differences following the F-tests
showed mixed results. Hypotheses were made taking both significance of dif-
ference and direction into account. Considering both, less than half of the
specific corresponding null hypotheses were rejected. In some cases, results
were in the expected direction but non-significant, while other functional
area groups simply did not behave as expected.
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Table 2

Observed F-Ratios for Perceptions of Task, Climate,
Productivity and Leadership*

Task Climate Productivity Leadership

164.77 (806) 89.37 (820) 67.68 (821) 31.52 (818)
128.53 (812) 129.91 (824) 37.10 (819)
163.46 (813)

152.25 (7) > 109.64 (7) > 67.68 (T) > 34.31 (i)

* Each factor number is in parenthesis following its observed F-ratio.

Discussion, Conclusions and Recommendations

By way of discussion, results of the omnibus F-tests by factor across
functional area groups were consistent with expectations. Also, looking at
predictions based on consulting experience and prior OAP research, differ-
ences in the expected directions did exist across functional area groups by
groups of factors representing perceptions of task, climate, productivity,
and leadership. Concerning specific pairwise comparisons, however, results
were more equivocal and warrant some further consideration.

Three possible reasons for the pairwise comparison results seem possible.
First, it may not be reasonable to expect a survey instrument to predict down
to such a level of specificity. Other research of this type stops at the
omnibus F-level without hypothesizing follow up comparisons (see, for exam-
ple, Sims, Szilagyi, and Keller, 1976; Turney and Cohen, 1976). Even within
highly diversified functional area groupings, results of this study also
showed consistent and stable differences at the omnibus F-level.

Second, the locations contained in the functional area groupings may be a
problem. Some groups contain people in a wide variety of locations, while
other groups do not. In fact, some of the groups with the smallest numbers
may represent data from only a very few locations. It is possible, then,
that perceptions measured are actually situation specific rather than func-
tional area specific. No selection method was employed to establish the
groups; they were taken intact from the OAP data base. The result may be
groups that don't show expected results because people in those few locations
may score higher or lower on certain factors than would be the case if a
wider variety of locations were available in that particular functional area
group.

Finally, it may be that the OAP factors lack the construct validity to
support these specific hypotheses. More to the point, it seems that the two
or three item OAP factors may lack the validity necessary to support specific
hypotheses. Reference to factors containing six to eight items shows results
much more stable and predictable than was the case with two and three item
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factors. This is consistent with the findings of Short and Hamilton (1981),
who concluded that these smaller factors often showed problems with internal
consistency, stability or both. These findings, of course, support the
necessity to revise, delete or strengthen these few factors.

In the final analysis, it seems likely that all three reasons played a
part in observed results. It does seem possible, however, to make such
specific hypotheses and to expect an instrument to make corresponding dis-
criminations. This belief forms a major part of the revision goal--to shar-
pen an already good instrument to make it even more precise and efficient.

It is reasonable to conclude, then, that the construct validity of the
OAP continues to be demonstrated. More work remains to be done, however, on
the subject. For example, factor stability is a major issue in determining
construct validity (Anastasi, 1976). Factor analyses have been run across
these same functional area groupings and also across demographic categories
of personnel category (officer, enlisted, civilian), gender and ethnic group.
While some change in factor structure is again indicated, the stability and
consistency of this most recent factor solution is striking. Factor congru-
ency coefficients (Harman, 1967) are being calculated and should be published
in early 1982. In addition, a study using the multitrait-multimethod
approach to convergent and discriminant validity (Campbell and Fiske, 1957)
seems appropriate and is currently being planned.

As emphasized in the Standards for Educational and Psychological Tests
(APA, 1974), "Evidence of construct validity is.not found in a single study;
rather judgements of construct validity are based upon an accumulation of
research results" (p. 30). This statement is also true of the current study.
Nevertheless, reevaluation research regarding the OAP continues to provide
solid evidence for the validity of most factors as well as blueprints for the
revisions of the few that can be made stronger, more specific, and more effi-
cient.
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ATTRITION: CAUSALITY, EXPLANATION, AND LEVEL OF ANALYSS

Guy L. Siebold

US Army Research Institute for the Behavioral & Social Sciences

SUMMARY: A substantial amount of research has been and is being con-

ducted on attrition. The time has come to be more rigorous in the

conceptualization and terminology used in this research. The term
*attritiont for example has been loosely used. Therefore,Athe author

suggests a basic generic definition which distinguishes it from terms
like premature separation. Similarly, Icause of attrition* has been
l Q9e Oused to describe certain demographic variables which only
explain variance and to describe reasons for separation which only
represent marks on documents or question responses. The amounts and
rates of attrition are aggregate variables. Causal analysis requires

these aggregate variables to be investigated within smaller, more
meaningful personnel groupings. The author suggests that proper causal
analysis and the development of successful counter-attrition programs
and procedures require investigations at the individual, organizational,
and manpower levels.,..For example, premature separations may be con-
sidered a symptom of causal disorders at the organizational level.
Also, manpower attrition policy acts as a constraint with resource
consumption impacts on training, discipline, and other arenas. To be

effective, cross-national research must pay attention to the foregoing.
Finally, the author suggests more effort be directed toward research on
building primary group relationships as a long term and pervasive
counter-attrition strategy.

INTRODUCTION

The rate of military attrition is higher than had been anticipated for
the AVF. The cost, likewise, has been heavy (Comptroller General, 1980).

In recognition of the high rate and consequent costs, the military has
supported an increased amount of research in attrition over the last few
years (cf. Sinaiko, 1977). Much has been learned from the research about
AVF patterns of attrition, about individual and organizational variable
correlates, and about many issues surrounding premature separation such
as how it is perceived by unit managers (Goodstadt and Romanczuk, 1980)
and how it affects the separated individuals (Dodd et al., 1975). Some
counter-attrition pilot research projects have also been completed with
promising results (e.g., Randolph et al., 1980).

Because each prematurely separated service member (SM) represents a

substantial organizational and financial loss, special emphasis has been
given to the development of methods to screen out recruit candidates who
present a high risk of not completing their contractual tour of duty
(e.g., Lockman and Lurie, 1980; Albert, 1980; Seeley et al., 1978;
Sands, 1977). While this research is still in progress, its current

models would still reject too many SMs who would actually finish their
tours and accept too many that would not, considering present manpower
pools. However, the screening models do identify high risk categories
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of recruit candidates who can be monitored closely for needed assistance.
Since the AVF attrition research is rapidly approaching a quasi-

paradigmatic stage, it is important to denote where the research needs
more rigor and to fill in gaps. In part through literature reviews,
scientists have already started this task (e.g., Goodstadt and Yedlin,
1979; Fox, 1979; Hand et al., 1977). This paper is an effort to continue
that enterprise, particularly through suggesting refinements in terminology
and theoretical conceptualization. Some suggestions for cross-national
research and counter-attrition strategies are also included.

BASIC ATTRITION TERMINOLOGY

Some of the basic terms associated with attrition research need to
be standardized and used less loosely. Relevant dictionary (Webster's
New Collegiate) definitions of attrition are "3: the act of weakening
or exhausting by constant harassment or abuse 4: a reduction (as in
personnel) chiefly as a result of resignation, retirement, or death."
The DOD Directive #1415.7 definition of attrition is "separation prior
to completion of the contractual active-duty obligation." These definitions
as well as those used or implied by various researchers are different.
They therefore reduce the conceptual equivalency of research and, hence,
its comparability and cumulation. For research purposes, the following
attrition terms and generic definitions are suggested to help clarify
and standardize their usage:

1. ATTRITION--the reduction in the number of personnel of a specified
category through separation. (the process)

2. AMOUNT OF ATTRITION--the number of personnel of a specified
category lost through separation. (the count)

3. RATE OF ATTRITION--the number of personnel of a specified category
lost through separation within a specified time period. (the
count/time ratio)

4. PERCENTAGE OF ATTRITION--the number of personnel of a specified
category lost through separation compared to the total population
of which the specified category is a primary part. (the count/
population ratio)

Note that, among other figures, one can compute relative amounts, rates,
and percentages; cumulative amounts and percentages; and average rates.
For the sake of brevity, these computations are not explicated.

Given the foregoing set of generic attrition terms and definitions,
the scientist need only precisely specify the category of personnel with
which he is working to effectively perform his computations or present
his results. The scientist should be careful, however, to distinguish
the use of time for computing rates (e.g., the number of first term
enlisted personnel in a given cohort who have not completed their contractual
active-duty obligation separated per year) from the use of time to
characterize a specified category of personnel (e.g., the number of
first term enlisted personnel in a given cohort who separated in their
first year of service). The use of the above terminology will lessen

the incidence of loose phrases such as "high attrition" (amount, rate,
or percentage? personnel category?) and "greater than expected attrition"
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(amount, rate, or percentage? personnel category?). There is a need for
more rigor in attrition research terms in general and in the specification
of the personnel categories.

The amounts, percentages, and rates of attrition are aggregate
figures which result from a count of the occurrences of an event, the
separation. As such, the figures are dependent upon the group within
which the event can occur, the specified category. This fact cannot be
overemphasized. The causal factors and policy implications for different
specified categories of personnel are likely to be quite different.
Therefore it is crucial that the attrition figures are computed for an
appropriate and meaningful level of aggregation, i.e., the right specified
category.

CAUSALITY

It is a mistake to equate reasons for premature separation, measured
either by marks on discharge documents or by verbal or written question
responses, with the causes of separation. Each premature separation is
an individual, an organizational, and a manpower event. Causation
factors exist at all of these levels, and a given separation results
from a particularized blend of factors from all of these levels. Presumably,
there is a generalized multi-leveled blend of causal factors within each
specified category of personnel. The reduction in the amount of premature
separations in each category of personnel then should result from a
blend of counter-attrition actions and programs addressing factors at
all of these levels.

At the manpower level of analysis, one must note that attrition in
the personnel category "fir t term enlisted personnel who have not
completed their contractual active-duty obligation" (i.e., premature
separation) occurs because of the policy decision to permit that attrition.
There would be no serious peacetime attrition issue without that )olicy
decision. This fact, too, cannot be overemphasized. However, if
attrition in this category were not permitted or subject to low ceiling
levels, the underlying problems would simply be shifted to other arenas
such as training, discipline, and individual/organizational adjustment.
Manpower issues are highly interrelated. The obvious point in terms of
causation is that the policy set level, whether a ceiling, goal, or

unrestrained, is a substantial influence on the amount and rate of
attrition in this first term enlisted category of personnel.

One example of a manpower policy influencing the amount of attrition
is the policy to permit easy separation of low performers or those with
adjustment problems at an early stage in their tour (especially during
training). This policy is an extension of pre-enlistment screening. The
rationale is that it is better to separate problem SMs early while the
training and organizational investments are still low. It is assumed
those with substantial early difficulties are likely to require separation
later. Thus it was thought that by permitting easy early separations,
there would be a reduction in the number of separations in a cohort
occurring later. Presumably the reduction in later attrition would
enhance morale, readiness, and the personnel management function. However,
preliminary data seem to indicate that this reduction in later attrition
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may not occur, at least not proportionately. Instead, the total cumulative
amount of attrition during the first tour of a given enlisted cohort may
be increased. Apparently early tour attrition is to a degree independent
of later first tour attrition. More research, of course, needs to be
done to verify this pattern and assess the impact of the early separation
and other policies on attrition.

At the organizational level of analysis, one finds many factors
directly or indirectly causing premature separation. For example, the
rates and percentages of first term enlisted attrition may be affected
by the occupational assignment system (Thomason, 1980), thematic training
models (Siebold, 1979), beliefs of unit commanders (Goodstadt and Romanczuk,
1980), and/or work and work group structuring (Cathcart et al., 1978).

* Other examples are given in the previously cited literature reviews.
Yet much research remains to be done on causal factors at this level not
only in terms of their influence on attrition but in terms of their
impact on, among other things, productivity, unit integration, and
readiness.

The term "organizational level" is used herein to encompass all
those systems, structures, processes, and personnel that fall hierarchically
between manpower policy and the individual SM. This large grouping, in
fact, needs to be placed in a coherent conceptual framework in order to
determine on which of these organizational parts or features attrition
research has been conducted and on which no attrition information is
available. Then an assessment must be made as to the needed direction
of future research within the framework. It is time to discover and

.- modify those organizational features and parts which cause high rates of
attrition. Research must progress beyond the previous emphases on
screening out high risk personnel and on teaching problem SMs to adjust
to the military.

At the individual level of analysis, one must be careful to distinguish
the investigation of individual level causal variables (i.e., characteristics

of individuals and their relationships) from the study of why a given
individual SM or set of individual SMs were separated. This distinction
is crucial because a study of the latter is not attrition research but
separation research and is not likely to produce useful information to
reduce attrition but only, if possible, to explain given separations
(cf., definitions on page 2).

To explicate this distinction, let us consider what a separation is.
A separation is a formal legal disentanglement between a military service
and a SM with concurrent changes in the legal rights and obligations of
the service and the SM. Is is consummated by the authoritative signing
and issuing of certain documents. The event has an impact at multiple
levels. At the manpower level, it is the loss of a SM to the military
for which a replacement must be obtained. At the organizational level,
the separation means there has been a break in the relationship structure.
Another SM must perform the separated SM's jobs. At the individual
level, rights, obligations, and expectations have been irrevocably
altered between the discharged SM and others in the organization. For
the separated SM, there are substantial changes, for example, in social
circumstances, lifestyle, identity structures, and personal outlook.
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Let us consider what causes a separation. There is an official

"cause" or reason used to describe the basis for the separation. The

official reason serves to explain and legitimate the separation but is

not necessarily the only, the main, or the real reason(s) in the minds
of the parties involved. But a reason is not a cause. The acts surrounding
the creation and issuance of discharge documents effecting the separation
are caused by a prior act, the authoritative order to do so. This order

was given by some commander resulting from the fact that either the com-

mander, the about to be discharged SM, or both wanted the separation to
take place (cf., Goldman, 1970). In short, the separation was caused by
the fact that someone with the power to effectuate it wanted the separation
to occur. Separation research then must of necessity focus on why
someone with the power to accomplish the separation wanted it to take

place.

To establish what caused a "want" or to explain it is quite difficult.
Wants not only are the result of a multitude of influences but are also

capable of being explained within numerous inconsistent theoretical
frameworks. The latter can range from theories positing a conscious
internal locus of control (e.g., rational decision-making) to those

positing either an unconscious (e.g., Freudian psychoanalytic theory) or
external (e.g., "the devil made me do it") locus of control (cf., Mayhew,
1981). Unfortunately the length constraints on this paper prohibit

further discussion of the problems associated with establishing causality
or a satisfactory explanation for wants. Suffice it to say that the
investigation of the causes or reasons for an individual separation is
not likely to produce a solid parsimonious means to reduce the amount of

attrition.
At the individual level of analysis, one is better off -o conduct

research through variables and approaches which are NOT mentalistic
(i.e., not wants, attitudes, or reasons). And there is no shortage of
promising non-mentalistic variables. Further, many of these individual
level variables relate directly to organizational level variables. For
example, at the organizational level one can investigate the amount and
rate of unit attrition associated with the amount and rate of unit

personnel turbulence, the amount of unit overtime, the degree to which a
unit is over or understrength, the number of small fill MOS in a unit,
the task variety and complexity in a unit, and a unit's physical isolation.
At the individual level of analysis, one can investigate the amount and
rates of attrition associated with individuals experiencing varying
amounts of turbulence, pulling differing amounts of overtime, working at

job sites with a shortage or surplus of personnel, occupying small or

large fill MOS within a unit, performing typical tasks of less or greater
variety and complexity, and operating alone or in groups of various size

and integration.
The number of individual level variables causing or associated with

attrition is extensive. Again, like organizational level variables,

they need to be placed in a coherent conceptual framework. Accurate
measures need to be developed (an ounce of measurement is worth a pound
of analysis). Meaningful, testable hypotheses need to be deduced.
Further, causality needs to be assessed, and that is not an easy job.

But without a determination or causality, effective counter-attrition

programs will be hard to create.
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The amount, rate, and percentage of attrition are variables of a
peculiar class for which the determination of causality is elusive.
Variables in this class relate to numerous social phenomena (e.g.,
crime, births and deaths, church attendance). These variables have two
important characteristics: 1) they pertain to the occurrence of a
specified event within a specified group and 2) the precise causal
linkages between the independent variables and the amounts, rates, and
percentages of the occurring event are often indirect, probabilistic,
and/or unknown. Causality for the class is non-determinative (Bunge,
1963). Consequently, it is difficult to understand exactly why there are
changes in the rates and amounts. Similarly it may be difficult to
predict whether the event will or will not occur to a specific individual.
Yet simultaneously one may be able, with a given set of independent
variables, to predict the amount, rate, or percentage with great accuracy
or to explain a large percentage of the variance. From the independent
variables, one must infer the underlying causal structure. From the
inferred causal structure, one can develop actions and programs designed
to reduce the number of occurr.nces of the event, i.e., the separation
in the case of attrition. Note that these independent variables will
not be status (demographic) or mentalistic variables.

CROSS-NATIONAL ATTRITION RESEARCH

Cross-national (and cross-service) attrition research is becoming
increasingly common. Presently it suffers not only from the general
looseness in conceptualization and terminology mentioned above but from
the limited comparability of different national (or service) terms,
personnel categories, policies, and organizational structures. A major
task facing the international research community is the establishment of
ways to transform these 'items so that cross-national comparisons can be
made. Similarly, standardized data bases need to be established so that
the appropriate data will exist to make the comparisons necessary for
meaningful cross-national research.

Cross-national (and cross-service) research can be extremely valuable.
The country specific descriptions of the amounts and rates of attrition
for common personnel categories can provide a better idea of the potential
range of variation. The different national analyses can provide new
independent information on the apparent and underlying causal structures.
Universal patterns may be found. The investigation of attrition in
just one country, in other words, is a limited endeavor simply because
of the shortage of comparable observations.

One of the biggest potential benefits of cross-national research is
in the design and evaluation of counter-attrition research. With different
coun'tries trying different sets of counter-attrition actions and programs,
a wider variety of them can be tested than would be possible in one
country alone. For the most promising actions and programs, equivalent
experiments can be set up in multiple countries simultaneously. The
results of these experiments will be more generalizable, and the effects
of the actions and programs can be more thoroughly assessed. Stated
briefly, cross-national (and cross-service) research has the potential
to increase substantially the depth and breadth of the asse:;sment of
counter-attrition actions and programs within a given time frame.
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COUNTER-ATTRITION PROGRAMS

To drastically reduce first term enlisted attrition, a blend of

actions and programs will be needed at the manpower policy, organizational,
and individual SM levels. The optimal blend is not yet known and is not
going to be easy to arrive at. In all likelihood, it will only come
over time through a series of successive approximations. Also, the
optimal blend may well change as time passes. In any case, the attrition
problem exists now, and researchers must address it without waiting for
all the answers to come in.

Comment on possible policy modifications is not within the scope of
this paper. Obviously, military pay increases, the imposition of attrition
ceilings, and the intensive recruiting of less attrition prone personnel
would have an impact on the number of enlisted premature separations.

But these actions and others would have coincident disadvantages, and
all must be weighed within the total policy context (e.g., see Comptroller
General, 1980). The research community, however, can and has begun to
develop and assess counter-attrition actions and programs at the organiza-
tional and individual levels. It is to these levels that the rest of
the paper is addressed.

Several candidate research topics were cited as worthy of support at

the (Leesburg, Virginia) Conference on First Term Enlisted Attrition
(Sinaiko, 1977). Research on some of these topics has been conducted.
New useful information has been acquired, and some promising counter-
attrition projects have been carried out and evaluated. Yet several
conclusions about attrition research are apparent. First, there has
been no development of a coherent conceptual framework/plan for the

-' research. Second, not much research involving experimental policies has
been undertaken. Third, the majority of the research is concentrated on
the front end of the service tour (e.g., on applicant screening and
initial SM expectations). Fourth, research has most often focused on
ways for the new SM to adjust to military life (e.g., on coping skills).
And fifth, research has been conducted usually on a specific narrow
topic on a small SM group at a specific stage in the tour with the short
term measurement of results. In other words, past and much current
research present only small pieces of the puzzle. One of the main set

of tasks to be accomplished is to put these pieces of the puzzle together,
determine which pieces are still missing, and discard pieces which do
not belong.

For every incorrect assumption about SMs and attrition, there is

probably an equal and opposite incorrect assumption. For example,

underlying a given suggested counter-attrition program may be the Father
Flanagan assumption (there is no such thing as a bad boy), the silk
purse assumption (you can't make one out of a sow's ear), or the bad
apple assumption (a bad one spoils the bunch). Unit commanders make

separation decisions based on certain assumptions and self-imposed rules
(Goodstadt and Romanczuk, 1980). In developing an array of counter-
attrition actions and programs, assumptions and decision rules need to
be made explicit. Further, actions and programs based solely on one of

these assumptions (e.g., on blame the "victim", blame the military, or

blame society rationales) should be avoided.
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What counter-attrition actions and programs ought to be developed?
The question, of course, is best answered through hindsight. One should
note, however, that during training SMs are, for the most part, simply
confined aggregates of individuals. Except in long duration formal

schooling, there are not many strong bonds between SMs in training. Thus
during-training and post-training actions and programs to reduce attrition
may have to be quite different although integrated. For post-training
attrition, two general approaches are suggested.

The first general approach to reduce attrition is to build strong,
positive primary group relationships between each SM, his co-workers,
supervisors, and family (local or back home). This approach would go
beyond the building of peer groups or the implementation of a buddy
system (see Sinaiko, 1977). In essence, it is a re-emphasis on the
communal or institutional nature of military life at the small group

* -level. Research has shown that the isolated, alienated SM is more
likely to have difficulties leading to premature separation (e.g.,
Shils, 1977; Georgoulakis and Bank, 1979). The full integration of a SM
with the personal significant others around him can provide a number of
benefits. It can help overcome a multitude of major and minor difficulties
faced by the first term enlisted SM. In addition to being a long term,
pervasive inhibitor of premature separation, strong primary group relationships
may well enable the SM to withstand stress on the battlefield or during
periods with heavy workloads.

The second general approach to reduce attrition is to keep SMs more
informed about what is going on with their units, the service, their
mission, and the international political situation. The purpose of this
approach is to prevent a sense of anomie or meaninglessness from permeating
the lives of the SMs. The typical SM needs to feel he is in on things.
Further, before a SM can develop a commitment to something, he needs to
know to what he is making a commitment. For example, research has
consistently shown that those who do not fully expect to finish their
full tour (i.e., low commitment) are less likely to finish it. Some
scientists may wish to consider this approach as a matter of building
goal congruence. In essence, though, it is a re-emphasis on military
service as a service or calling rather than just an occupation or job
(cf. Siebold, 1979). Like the first approach, this second approach may
act as a long term, pervasive inhibitor of premature separation.

P.4
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AD P001377
An Evaluation of the Air Force Airman Retraining Program

.. ~Mary J. Skinner

Manpower and Personnel Division

Air Force Human Resources Laboratory
Brooks Air Force Base, Texas

An evaluation of the progress and adjustment of retrained airmen in their

second Air Force occupational specialties was conducted. The specific study

objectives were to assess (a) retrainees' accommodation to the specialty
change as reflgcted by their attitudes, motivation, and interpersonal
relationships; (6) the impact of retraining on career progress indicators such

as promotion and reenlistment; and () retrainees' performance, skills, and

ability in the new job. Data were obtained from self-report questionnaires

completed by over 13,000 retrained enlistees and 11,500 military supervisors.
Preliminary analysis of selected survey items were in the form of item
descriptive statistics and t-tests of mean differences in ratings assigned to

retrainees versus non-retrainees and to pre- versus post-retraining

specialties. Results provided strong support for the conclusion that

retrained enlistees had made a smooth and successful transition between
military occupations. In addition to the interim findings, research plans for
a comprehensive and in-depth examination of the sur-ey data were reported.
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Introduction

The Air Force and other military services, unlike employers in the private
sector, must maintain balanced manning in enlisted career fields within the

constraints imposed by a closed personnel system. Apprentice-level positions
requiring enlisted personnel with minimal or basic skills are filled from the
same manpower pool as available to private industry. However, the Air Force
must utilize personnel who are already integrated into the military force to

staff jobs above the entry level. To realign career field manpower overages
and shortages, particularly in journeyman positions, military managers rely

heavily on the capability to retrain enlisted personnel. Guided by the
policies and procedures of the Airman Retraining Program (AFR 39-4, 1979),
managers process retraining actions which change enlistees from one
occupational specialty to another either within the same career field or into
a different career field. This retraining capability permits the Air Force to
staff positions and balance career field/manning more efficiently within the
limitations of a closed personnel system.

During the past ten years between 10,000 and 15,000 enlistees annually

have changed occupational specialties under the auspices of the Airman
Retraining Program. Air Force data files indicate that among enlistees who

have served 20 years approximately 80% have changed specialties at some time
during their military careers. The volume of retraining witnessed in recent

years is not expected to decrease. Factors such as attrition, changes in
mission and weapon systems, and fluctuations in the recruiting pool will
continue to influence military manpower needs and, in turn, will make
personnel retraining necessary.

Until late 1977, no systematic research on retraining had been undertaken
despite the integral role played by retraining in the total Air Force
personnel management system. Recognizing the need for a comprehensive and

objective evaluation of the Airman Retraining Program, Air Force retraining
managers submitted a Request for Personnel Research (RPR 77-12) to the

Manpower and Personnel Division, Air Force Human Resources Laboratory
(AFHRL). An overview of the research stream supporting this RPR is presented

- below. Research undertaken to address certain issues using available
historical personnel records will be briefly described while the paper will
focus primarily on the study methodology, planned analysis, and preliminary
results of a second major data source -- a survey of retrained enlisted
personnel and their supervisors.

The evaluation of the Airman Retraining Program is a multiphase effort
aimed at tracking the progress of retrainees in their new military
specialties. Specific objectives are to study (a) performance in technical
training; (b) job and career progress in terms of skill level upgrading,
on-the-job performance, promotion, and separation/retention rates; (c)

retraining success for different sub-groups of retrainees, including voluntary
* and involuntary retrainees, and as a function of personal and background

" characteristics; and (d) the accommodation of retrainees to their new
occupations.

Data needed to address much of the first two research objectives are

contained in historical personnel files maintained on a routine basis and
periodically updated by AFHRL. The technical school performance of retrainees
is being evaluated through comparisons with new recruits (non-retrainees).
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Analyses of academic performance and school attrition rates for approximately
20,000 retrainees and 230,000 non-retrainees attending over 250 schools are in
progress. Statistical analysis will examine the relationship between school
performance criteria and retraining status and aptitude, as well as experience
factors such as amount of military service and type of background experience
acquired prior to retraining. A second major effort examines several job and
military career advancement criteria for retrainees relative to Air Force
averages. The time required to upgrade job skill levels in the new specialty
and to achieve grade promotions by about 35,000 retrainees are being retrieved
for a three-year period for comparison with the remainder of the force
(approximately 480,000 enlistees). Similar comparisons of separation/
retention criteria are being conducted. This series of analyses also provides
a cursory examination of retrainee on-the-job performance based on an annual
official appraisal by supervisors. To supplement these data and to address
the latter two research objectives, an analysis of data collected by survey is
underway.

The survey was designed to provide information needed for a thorough
evaluation of the adjustment and progress of retrainees in their second
miltary specialties. The preliminary results from this survey will be
reported. The main issues addressed are the retrainees' accommodation to the
new specialty, the impact of retraining, and retrainees' job skill and
performance. In addition to the interim results, research plans for an
in-depth examination of the survey data will be described.

Method

Questionnaire Development

Survey topics and items were identified from an extensive review of
pertinent literature on prior and ongoing research and regulatory guidance on
the retraining system. Inputs were solicited from knowledgeable military
personnel, including former retrainees and managers tasked with retraining
policy formulation or program administration. Two preliminary questionnaires,
one for retrainees and one for supervisors, were developed for pretesting.
The questionnaires were administered in face-to-face, individual interviews
conducted at eight bases in five major Air Force commands. A total of 213
retrainees and 158 supervisors of retrainees participated in the pretest. A
descriptive summary of the pretest information was prepared as a reference
document to guide revisions and modifications to the instruments.

The final instruments consisted of two standardized questionnaires with 85
items on the retrainee form and 66 items on the form for each retrainee' s
respective supervisor. Multiple response choice and forced choice forms of
closed questions were used. Response options were presented in category
rating scale form. Most ratings scales had five options. Appropriate scale
adjectives (e.g., poor, fair, average, good, excellent) were selected for each
question or set of questions. Both questionnaires called for the retrainee
and supervisor to provide self-ratings on a variety of personal, attitudinal,
and opinion questions. The instruments contained common sets of questions to
permit, for example, comparisons of the retrainee's self-rating and his/her
supervisor's appraisal. The supervisors provided overall assessments of
retrained and non-retrained personnel as well as ratings on a specific
retrainee. In addition, the supervisor selected and identified one of his/her
non-retrained enlisted subordinates to rate on the same set of questions.
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Thus, supervisors' appraisals of individual retrainees and non-retrainees were

- also available for comparative analysis. Survey materials for each respondent

*consisted of a retrainee or supervisor questionnaire, a separate answer sheet

for recording responses, and a letter of instructions. Answer sheets were

precoded with an identification number to link retrainee-supervisor pairs fori! " later analysis.

In the questionnaires, items were organized by specific topic or issue

with descriptive headings for each section. These major topic areas, with a

description of the types of items in each, have been combined into the

following general categories for ease of discussion:

Background Information. Personal and demographic information which were

either not available or needed to verify the historical data file contents

were collected. Items on the retrainee questionnaire included identification

of the previous (before retraining) and current (after retraining) Air Force

. Specialty (AFS) and amount of experience in each specialty. Background items

on the supervisor questionnaires included total amount of experience in the

current AFS and length of time as a supervisor.

Impact of Retraining/Adjustment to Retraining Specialty. Ratings of the

impact of retraining on chances for promotion and propensity to reenlist were

collected from both supervisors and retrainees. Indicators of accommodation

and adjustment to the new occupation were also collected. Retrainees rated

their motivation, interpersonal relationships, and other attitudinal measures

in their previous and current AFS. The corresponding questions for

supervisors required their appraisals of the retrainee, a non-retrainee, and

retrainees and non-retrainees in general.

Job Skill, Ability, and Performance Assessment. Measures of quality,

quantity, difficulty level of work performance, job knowledge and supervisory

skills, and amount of time and help required to upgrade skill level were

collected. Retrainees were asked to rate themselves on these measures and

supervisors to rate the retrainee, a non-retrainee, and retrained and

non-retrained enlistees as a group.

Contributors to Successful and Unsuccessful Retraining. Retrainees' and

supervisors' perceptions of transferability of technical, administrative, and
supervisory job skill and general military knowledge between AFSs or AFS

groupings were obtained. Retrainees were asked to rate how well technical

school and on-the-job training prepared them to perform the job in their new

specialty. Supervisors provided judgments of the best time to retrain

enlisted personnel during their military career. Measures provided by

retrainees on other factors which may influence the difficulty or ease of job

changes were the type of retraining action (voluntary or involuntary), reason

for retraining (to reenlist, to collect a monetary incentive, to learn skills

helpful in finding a future civilian job) and attitudes toward the experience

(desire to leave previous or enter current AFS).

Retraining Policy and Program Administration. Items on the retrainee

questionnaire solicited their perceptions of retraining procedures including

the expeditiousness of application processing, accuracy of counselor's advice,

currency of job vacancy information, and amount and quality of publicity on
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retraining opportunities. Opinions about involuntary retraining and

associated policies and their impact on enlistees' morale, motivation, and

productivi.y were also collected.

Sampling Strategy and Subjects

Three major sampling objectives were identified during design of the

sample selection plan. First, the sample size had to be sufficiently large to

allow later study of different retraining movements between Air Force career

fields. A career field is a grouping of related AFSs involving similar skills
and knowledge. Characteristics of career fields and their similiarities and

dissimilarities to other career fields were expected to influence the ease ot
transition during retraining. Second, it was important that the sampling

strategy consider the voluntary or involuntary (selective) nature of the

retraining action. Retraining managers identified voluntary versus
involuntary retrainee comparisons as a priority interest. Since the rules to

qualify an action as involuntary were very stringent, few selective retrainees
were identified in the retraining history files. Consequently, oversampling

on the factor was deemed necessary. Finally, in order to compare retraining
ease and patterns of job changes between traditional and nontraditional career

fields for males and females, consideration had to be given to gender in the
sampling plan. Few female retrainees were available. Thus, it was necessary

to select them in numbers disproportionate to their representation in the

retrainee population.

Subjects were enlisted personnel who had retrained between July 1973 and

August 1977 and between April 1978 and August 1979. Records to identify
airmen who retrained during the seven-month interval from September 1977

through March 1978 were not available. About 20,000 subjects were targeted

for selection from 1733 different between-career-field movements using a

stratified, quasi-random sampling plan. For each type of career field change,
a maximum of 66 cases was randomly selected such that up to 50% were female

and/or involuntary retrainees and the remainder were male volunteers. A total

of 20,968 retrainees were selected using these procedures. Later,
administrative conscraints were encountered which limited data collection to

200 retrainees maximum per base of assignment. Questionnaires were
administered to a final sample of 18,065 retrainees and to their first-line

supervisors.

Survey Administration

Survey materials were batched for bulk mailing to 123 stateside and

overseas Air Force bases. Survey Control Officers at these bases distributed
survey materials to individual respondents and performed survey monitoring
including follow-up contacts with nonrespondents.

Analysis

After data were reduced and edited, several items from the retrainee and

supervisor questionnaires were selected for preliminary data analysis. The

rating scale options of these items were coded from 1 through 5. Descriptive
statistics for the items in the form of frequencies, percentages, means and

standard deviations were obtained on cases with valid data entries. Tests ot

significance were conducted with Student t statistics using the Bonferroni
technique to control Type I error ( a ) per family of comparisons among survey
items (Miller, 1966) at the .01 probability level.
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Results

Data Processing and Editing

Both completed and uncompleted answer sheets were processed by optical

scanning into computer data files. Answer sheets which were returned from

nonrespondents with all response entries missing were discarded from further
processing. An additional 68 supervisors and 25 retrainee cases were deleted

for failure to respond to certain critical items. Critical items were those
.* for which skips were unpermissible or data unretrievable by reference to

historical data files on supervisors and retrainees. After data reduction and

clean-up, less than three percent of the cases had missing/invalid data on any
one critical item. A sample of 13,070 retrainees and of 11,549 supervisors

remained for preliminary analysis.

Background Information

, Distributions of background information items described occupational and

* retraining experience for retrainees and supervisors. Over 75% of the
* retrainees reported that the present specialty change was their first

retraining experience since entering the Air Force. An additional 16% had
retrained twice and about 6% had retrained three or more times. The
retrainees most commonly reported that they had been assigned to their

previous specialty three to four years before retraining (34%). In general,
there was an almost equal split on amount of experience in the pre-retraining

specialty at the four-year point with about half having four or fewer years
and the remaining 50% having five or more years. At the time the retraining
survey was administered, about 44% of the retrainees had acquired up to two
years of experience in their new specialty. Another 50% had been in their
current occupation for three to six years since retraining.

Supervisors who completed the questionnaire had more experience in their

current specialty than their retrained subordinates. About 73% had been
assigned to the occupation for five or more years, and nearly 30% had 15 or
more years of experience. Most had functioned in a supervisory capacity in
the specialty for over three years (70%). About 55% of the supervisors had

been assigned to their present specialty since entering the Air Force. The
others (45%) had experienced a change in Air Force specialty and had, like

their subordinates, retrained into their current occupation.

Adjustment to Retraining Specialty

Attitudinal, motivational, and interpersonal relationship measures were

selected for the preliminary assessment of retrainees' ak;aptation to the

retraining experience and accommodation to their new occupations. On these
items retrainees used a rating scale with poor to excellent options to
describe their experiences and perceptions in their prior and current

specialties. Item means and standard deviations for the previous and current
specialties are shown at Table 1. The results of t-tests (for correlated
samples) to identify items with mean ratings which differed significantly for
the two specialties are also tabled. Mean response values for the pre- and

post-retraining occupations indicated that the retrainees described their
experiences as average or good. The measures of motivation and interpersonal

relations were assigned somewhat higher ratings than job attitude measures in

both specialties. All statistical contrasts between perception of the
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previous and current specialty were found to be significant ( < .01). That
is, in the retraining specialty the retrainees (a) had more positive attitudes
in terms of job satisfaction, utilization of talents and training, and general
morale; (b) were more highly motivated to do a good job and to learn new
skills; and (c) were more satisfied with their relationships with their
supervisor, peers, and subordinates than in the previous specialty.

A similar set of items for supervisors pi)vided further information for
evaluating retrainee adjustment. Supervisors compared retrained and
non-retrained enlistees in general on additional attitudinal, motivational,
and interpersonal relationship items. The descriptions provided for the two
end points of the rating scale read "retrainees much better" and

"non-retrainees much better." T-tests were accomplished to identify item
means significantly greater or less than the scale midpoint (3 = "both groups

about the same") which represented a neutral opinion. Means, standard
deviations, and t-ratios for these items are shown in Table 2. Without
exception, the observed item means were between scale point 2 (retrainees
better) and 3 (both about the same) and, furthermore, were significantly
(R < .01) lower than the scale midpoint. These results indicated that
supervisors perceived retrainees collectively as havilLg better attitudes
toward work and military life, as being more motivated, and as interacting
with other people better than their non-retrained counterparts.

In summary, preliminary findings indicated that retrainees were making the
transition to the new specialty successfully. Attitude and motivation
difficulties which might have suggested that changing jobs promotes adjustment
problems were not observed. Rather, the retrainees consistently assignedhhigher than average ratings to the factors of interest and were found to be
more positive toward their new occupational environment than toward the
former, before-retraining specialty. Supervisors' appraisals were highly

supportive of the trend reflected in the retrainees' judgments. In appraising
retrained airmen in a more positive light than non-retrained airmen, the
supervisors depicted the typical retrainee as adjusting capably to a change in
military occupation.

Retraining Impact on Career and Job Progress

The impact of retraining on military career and job progression was

assessed through the supervisors' and retrainees' perceptions of the effect of
retraining on promotion, reenlistment, type of work assigned, and technical
ability to perform the job. On the promotion and reenlistment measures, the
respondents were asked to evaluate whether retraining had increased, had no
effect on, or had decreased chances for promotion and likelihood of

reenlistment. The retrainees provided a self-report of their own experiences,
while supervisors assessed the situations for retrainees in general. Since

supervisors who had and who had not retrained may hold disparate views on
these issues, they were separated for analysis purposes. Item descriptive
statistics are shown for the retrainees, for supervisors by retraining status,
and for the combined supervisor group in Table 3. T-tests were conducted to
determine if the item mean ratings assigned by supervisors (retrained versus
non-retrained) and retrainees on the promotion and reenlistment measures
differed. The resultant t-ratios and statistical significance decisions are
shown in Table 4. First, items means on the promotion measure indicated that
all of the analysis groups perceived that retraining increased slightly or had
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no effect on promotability. The retrainees felt that their chances for

promotion were less positively influenced than the supervisors, regardless of

their retraining status. Mean ratings assigned by the supervisors who had

retrained and who had not retrained did not differ. However, supervisors as a

group perceived that retraining improved chances for military rank progression

to a significantly greater extent than did the retrainees. On the

reenlistment measure, all groups felt that retraining slightly increased the

likelihood of the enlistees signing-on for another military tour. Retrained

supervisors were found to have the most positive assessment of the influence

of retraining on propensity to reenlist. Non-retrained supervisors were less

positive, and retrainees were the least positive. The differences in mean

ratings for each of the three comparisons -- retrained versus non-retrained

supervisors, retrained supervisors versus retrainees, and non-retrained
supervisors versus retrainees -- were found to be significant ( .01).

To help evaluate the retraining effects on job progression, the

retrainees' perceptions of the type of work assigned and their technical

ability to perform were compared for their pre- and post-retraining

specialties. Table 5 provides a summary of the item statistics and t-tests.
Item means indicated that retrainees felt they had an average to good

opportunity for challenging work assignments in terms of work difficulty and

responsibility level in both the previous and current specialties. The

ratings assigned by retrainees to describe their technical ability to do their

job and to supervise others were also positive and were somewhat higher than

ratings on the work assignment items. Item mean ratings for the previous and
current specialties significantly differed, except for the item on technical

ability to perform their job. Retrainees perceived their ability to perform

the technical aspects of their work before and after retraining to be

comparable. Otherwise, the retrainees' experiences in the current specialty

received more favorable ratings. The retrainees reported that the opportunity

for more difficult work and responsible positions improved in the current

specialty, as did their ability to supervise others on the job.

The findings may be summarized by the statement that no repercussions of a

negative nature ensuing from a change in the military job were evidenced in

the supervisors' and retrainees' reports. The retrainees and supervisors

agreed that neither an enlistee's chances for achieving higher military ranks

nor his/her intentions concerning reenlistment were adversely impacted by the

retraining experience. In fact, the job changes were generally perceived as

having a stimulating effect; retrainees were, L:c-'ever, somewhat more

conservative in their assessments than supervisors. Retrained and

non-retrained supervisors shared a common viewpoint on the subject of

promotions but not of reenlistment intentions. On the latter subject

supervisors who had retrained took a more positive stand. In addition, the

retrainees reported that they could perform their current and previous jobs

equally well, but were more favorably disposed toward the current specialty on

work assignment opportunities and their ability to supervise. Collectively,

these findings reflected favorably on consequences of retraining.

Job Skill, Ability and Performance Assessment

Retrainees' ability and performance on the job in the new specialty were

examined using supervisors' comparative ratings of retrained and non-retrained

enlistees in general on six skill and performance items. Table 6 presents
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means, standard deviations, and t-ratios by item. As described earlier,

t-tests of differences between item means and the scale midpoint (neutral

opinion) were conducted. The supervisors consistently rated retrainees better

than non-retrainees. On all items the observed means were significantly
(p _'.01) different from the neutral opinion reference point (retrainees and
non-retrainees about the same). The results indicated that retrainees as a
group were, in the supervisors' opinions, superior to their non-retrained
cohorts with respect to job skills and knowledge, supervisory ability and

potential for promotion, as well as the quality, difficulty level, and amount
of work performance. rhese preliminary findings lent support to a conclusion
that retrainees generally have acquired the requisite job skill and knowledge

and have performed to their supervisors' satisfaction in the new occupation.

Conclusions and Recommendations

Overall, the current findings may be viewed as demonstrating that the
Airman Retraining Program objective of interchanging enlisted personnel

between military occupations is being accomplished with minimal impact on the
individual participants and their supervisors. The change in their specialty
does not appear to be viewed by the retrainees as a stumbling block to the

attainment of their job-related or military career goals. Supervisors do not

seem to be of the opinion that retraining interferes with or disrupts job
accomplishment or personnel morale in their occupations. On the surface, the

retraining program is apparently operating smoothly and promoting the
successful assimilation of enlistees into second military specialties.

The study results presented are preliminary in nature. Inasmuch as the
current findings are based on global measures of attitude, adjustment and
performance, some caution in interpretation and restraint in generalization
should be exercised. Additional work is needed to refine the data and further
analyses are required before definitive statements about retraining program

efficiency would be fully supportable. Analyses on a specialty-by-specialty
basis are needed as retraining actions may be operating smoothly for some job
changes but not for others. The influence of personal characteristics and
reasons for and circumstances of retraining on adjustment and performance need
to be assessed. The voluntary or involuntary nature of an enlistee's
retraining is of particular interest. Likewise, an evaluation of the
transferability of administrative and technical skills between specialties and

of the effects on retraining success would be helpful. In conclusion, while

preliminary findings are encouraging, further research to comprehensively

evaluate the Airman Retraining Program is recommended.
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Table I. Retrainees' Appraisal of Attitudes, Motivation and
Interpersonal Relations in Previous and Current Specialty

Previous Specialty Current Specialty

Valid (Pre-Retraining AFS) (Retraining AFS)
Item N Mean SD Mean SD t-ratio

Attitudes
Job satisfaction 12802 2.92 1.43 3.58 1.24 -36.58 a

Use of talents & training 12784 3.17 1.34 3.62 1.17 -27.32 a

General morale 12730 2.89 1.39 3.41 1.28 -29.15 a

Motivation

To do a good job 12797 3.34 1.36 3.85 1.16 -32.35 a

To learn new skills 12720 3.28 1.35 3.91 1.17 -39.25 a

Interpersonal Relations
With supervisor 12825 3.69 1.26 4.05 1.05 -26.22 a

With subordinates 12765 4.00 .96 4.13 .89 -13.18 a

With co-workers 12756 4.09 .92 4.20 .86 -12.52 a

Note. Rating Scale Points: l=Poor, 2=Fair, 3=Average, 4=Good, 5=Excellent.

alndicates significance (Bonferroni a = .01).

Table 2. Supervisor Appraisal of Retrainees Versus
Non-Retrainees on Attitude and Adjustment Items

Item Valid N Mean SD t-ratio

Attitude

Toward work 11449 2.64 .80 -47.64a

Toward military life 11434 2.60 .77 -54.78a

General morale 11448 2.69 .75 -43.55a

Motivation
To learn new skills 11432 2.45 .87 -66.94a

To do a good job 11420 2.52 .84 -61.17 a

Interpersonal Relations

With co-workers 11448 2.80 .68 -31.52 a

With supervisors 11450 2.73 .73 - 39 .0 7 a

With subordinates 11423 2.87 .73 -19.65 a

Note. Rating Scale Points: l=Retrainees much better, 2fRetrainees better,
3fBoth about the same, 4fNon-retrainees better, 5=Non-retrainees much better.

alndicates observed mean is significantly less than (Bonferroni a f .01)
scale midpoint value (neutral opinion).
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lable 3. Effect of Retraining on Retrainees' Chances for
Promotion and Likelihood of Reenlistment

Chances for Promotion Likelihood ot Reenlistment
Rater Valid N Mean SD Valid N Mean SD

Retrainee 12832 3.18 1.25 12839 2.67 1.17

Supervisor

Retrained 5185 2.95 1.01 5167 2.31 .85
Not-retrained 6208 2.92 .95 6179 2.42 .85

Total group 11393 2.94 .98 11346 2.37 .85

* Note. Rating Scale Points: l=Increases (chances/likelihood) a lot, 2=Increases
somewhat, 3=Has no effect, 4=Decreases somewhat, 5=Decreases a lot.

Table 4. T-tests Between Supervisor (Retrained Versus Non-Retrained)
and Retrainee Ratings on Promotion and Reenlistment Items

Chances for Likelihood of

Test Promotion Reenlistment

1. Supervisor-Retrained vs Not Retrained 1.78 -7.12 a

a. Supervisor (Retrained) vs Retrainee n/a -2 0 .3 5a

b. Supervisor (Not Retrained) vs Retrainee n/a -15.06 a

2. Supervisor (All) vs Retrainee - 16 .5 5 a n/a

Note. n/a - designates comparisons which were not appropriate based

on prior tests.

alndicates significance (Bonferroni = .01).

1119



Table 5. Retrainees' Appraisal of Work Assignments and Technical

Ability in Previous and Current Specialty

Previous Specialty Current Specialty

Valid (Pre-Retraining AFS) (Retraining AFS)

Item N Mean SD Mean SD t-ratio

V Work Assignments

Difficult work assignments 12791 3.12 1.40 3.75 1.20 -37.62 a

Responsible positions 12723 3.14 1.38 3.71 1.25 -34.06 a

• * Technical Ability

To do job 12810 3.84 1.13 3.88 1.01 -3.20

To supervise others 12749 3.51 1.24 3.66 1.15 -11.15 a

. Note. Rating Scale Points: l=Poor, 2=Fair, 3=Average, 4=Good, 5=Excellent.

" alndicates significance (Bonferroni a = .01).

Table 6. Supervisor Appraisal of Retrainees Versus Non-Retrainees

on Skill, Ability and Performance Items

Item Valid N Mean SD t-ratio

Skills and Ability
Job skills and knowledge 11449 2.85 .86 -18.92 a

Supervisory skills 11393 2.69 .82 -39.93 a

Potential for promotion 11442 2.81 .83 -2440a

Work Performance

Quality of work performance 11441 2.75 .81 -32.59 a

Amount of work performance 11438 2.78 .78 -30.48 a

Difficulty of work 11424 2.83 .81 -22.20 a

performance

Note. Rating Scale Points: l=Retrainees much better, 2=Retrainees better,

3=Both about the same, 4=Non-retrainees better, 5=Non-retrainees much better.

alndicates observed mean is significantly less than (Bonferroni a = .01)

scale midpoint value (neutral opinion).
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Rationale

-The effective design and management of technical training programs is
in a function of four factors (?) the learner, (7) the type and form of the
stimulus content, (3) the type of behaviors to be developed and (6) the
nstructional variables to be controlled in presenting the stimulus content

t learners.

The model discusses these four variables as major factors for designing
and managing any technical training program regardless of the form or mode
of the instructional delivery.

-7

Implications of the model suggests that content must be "chunked" and
that the structure of content can effectively be taught from whole to part
rather than from part to whole as is currently practiced in most education
and training programs. This does not negate the importance of the task
analysis, but rather places the tasks within a larger, more functionally
relevant context, to facilitate initial learning, retention and transfer of
skills and knowledge.

The current instructional practices will be discussed and compared to
the proposed model together with a general discussion of the variables
affecting the learning environment.
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Introduction

Both the military (Zeidner, 1981) and vocational education are con-
cerned about the quality and quantity of the pool of applicants in terms of
increasing the effectiveness and efficiency of instruction for various
technical traning programs. The training model generally assumes that the
purpose of technical training programs is to modify the behaviors of
trainees in such a way that they are capable of learning the technical con-
tent or skills necessary to perform in an occupational speciality.

The purpose of this presentation is to present and discuss a rationale
for designing and managing technical training programs in the military and
vocational education. This paper is based on a comprehensive review of
research (Smith and Currey, 19b1) conducted in the fields of educational
psychology, the military, vocational education and industry. The review
identified the variables which are common to all types of instructional
delivery systems (e.g., group instruction, individualized instruction,
self-paced instruction, computer assisted instruction).

- This paper is divided into the following three parts: (1) review of
the rational of existing instructional systems in the military and voca-

-" tional education, (2) discussion of the proposed instructional rationale
and variables, and (3) a proposed instructional strategy designed to
increase the effectiveness and efficiency of the initial learning retention
and transfer of skills and knowledge in military and vocational training
programs.

Part 1

Current Instructional Practices

Current instructional practices in the military and Vocational
Education are for the most part derived from the concept of task analysis
(Prosser, 1938) (Fryklund, 1944) (Gagne' 1964) (Christal, 1970) suppli-
mented with specification of behavioral objectives (Ammerman and Melching,
1966; Mager, 1961, 1968). In more recent years, new technological innova-
tion have been proposed such as individualized instruction (Pucel and
Knaak, 1975; Howes, 1971) and still more recently the implementation of
computer assisted instruction for the Air Force (King, 1975), (Brown, et
al, 1976) (Judd, et al, 1974) (Brown, et al, 1976) and (Dallman and Deleo,
1977). In a recent study of the cost-effectiveness of individualized and
computer assisted instruction as used in the military (Orlanski, 1979), the
finding suggest that attrition rates are higher than other forms of in-
structional delivery, but that it is more effective for those learners who
do complete the training program. While these new technologies have made
it possible to present information or tasks to learners in a more efficient
manner and with a greater degree of learner control over the rate at which
stimulus content is presented to the learner, the fact remains that the
content is presented to learners in small pieces or learning tasks.
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More recently, Gagne (1963, 1964, and 1959) discussed the psychological
conditions of learning as they relate to learning stimulus content. His
theory suggests (as do Prosser and Fryklund's) that the learning process
progresses through eight stages of hierarchical development: (1) signal
learning, (2) stimulus response learning, (3) chaining, (4) Verbal asso-
ciations, (5) mulitple discriminations, (6) concept formation, (7) prin-
ciple learning and (8) problem solving. It is believed that mastery of
concrete signal learning tasks are prerequisite to learning higher order
tasks or concepts. In general, mastery of lower order concrete tasks or
behaviors are believed to be prerequisite to learning the next higher order
tasks or behaviors. Content stimuli are therefore presented to learners in
the form of a series of concrete learning tasks.

While the historical perspective of instruction in the military, voca-
tional education and education in general, has primarily focused on task
analysis and behavioral objectives, other theorists have proposed what
might be referred to as chunking or whole to part learning (Miller, 1956)
(Bruner, 1960, 1963) (Ausubel, 1963, 1968) (Shoemacher, 1967) and (Brown, et
al, 1959). While there may be theoretical differences among these
theorists, their commonalities focus on (1) readiness of the learner, (2)
the structure of knowledge, (3) restructing or chunking stimulus content,
and (4) focus on deductive/whole to part organization and sequence of sti-
mulus content.

Part 2

Proposed Instructional Variables

Figure 1 shows the factors or variables which are believed to be
generalizable to any instructional delivery system. Each of these
variables together with their component elements will be discusse separa-
tely. Figure 1 suggests that modifications of individuals necessarily
begins with a learner who interacts with some form of content stimulus to
produce some desired behavioral changes in an individual through some

* planned instructional process. The process is implemented in an manner
which accounts for individual learner differences.

The Learning Process

There seems to be no general disagreement about the definition of
learning (Hilgard, 1966) that learning is a process that brings about
changes in an individual resulting from some planned or unplanned situation
which cannot be explained by native response tendencies, maturation, or
drugs. The definition of learning posed by the rationale of this paper
suggests that all learning is the result of an individual who receives some
stimulus through psycho/sensory perceptions (the five senses) and who enco-
des, decodes, and assimilates the stimulus with other stimuli already fami-
liar to the learner. In general, learning is the process of receiving,
encoding, decoding, and assimilating some stimulus content. Formal instruc-
tion is therefore the controlled process by which stimulus are presented
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to, received by, and subsequently encoded, decoded, and assimilated with
other stimulus content already familiar to the learner.

Stimulus Content

According to Bruner (1966) all instructional content (stimulus content)
* must necessarily be drawn from some combination of three types of stimuli:
* (1) enactive, (2) iconic, and (3) symbolic.

Inactive stimuli are those stimuli which require hands-on trial and
error experiences. Examples of inactive stimuli may include driving a
car/bicycle, flying a plane, water skiing, etc. In general, inactive
stimuli are those sets of tasks which must be demonstrated to a learner,
and are hands-on psychomotor tasks which usually cannot be acquired or
developed by reading about them.

Iconic stimuli are those which are presented to a learner in the form
of some graphic, pictorial representation. An iconic stimuli can display
information or concepts in a manner which allows the learner to form a men-
tal picture of some stimulus content.

Symbolic stimuli are most typically represented by spoken or the writ-
ten word such as might be found in textbooks, or technical training
manuals. It is probably the most frequently used and accepted form pre-
senting stimulus content to learners but, requires learners to be able to
receive, encode, decode, and assimilate these stimuli in some meaningful
way in order for it to be learned, retained and used in subsequent learning
tasks.

Behaviors

There appears to be general agreement among learning and instructional
theorists (Gagn5, 1963) (Bloom, 1968) (Bruner, 1966) (Mager, 1968)
(Ammerman and Melching, 1966) that learning is designed to produce obser-
vable behavioral changes in individuals. Most learning and instructional
theorists would also agree that there are three categories of behaviors:
(1) Cognitive, (2) Psychomotor and (3) Affective. Each of these behaviors
are developed as a result of presenting some stimulus content (enactive,
iconic or symbolic) to learners through some formal instructional process.

Cognitive behaviors are perceived to be those related to the knowledge
possessed by a learner and usually measured by paper and pencil achievement
tests. These behaviors/knowledges are developed by the learners by pre-
senting them with iconic or symbolic stimuli (e.g., textbooks, transparen-
cies, technical manuals, lecture, or some form of printed material).
Psychomotor behaviors are most readily developed by presenting enactive sti-
mulus content to a learner (usually be demonstration) which requires some
hands-on trial and error practice sessions. Psychomotor behavior are
measured most frequently by performance tests or performance ratings.

Affective behaviors generally are perceived as attitudes, opinions or
beliefs which are related to the work performance behaviors of learners
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(Dawis and Weitzel, 1975). They may be perceived as a latent psychomotor
behavior. That is, attitudes may not be readily observable, but will
generally show up at some point in time in either a positive or negative
psychomotor act or behavior (e.g. use/abuse of tools and equipment, timeli-
ness, attendance, safe/unsafe work practices, etc).

In summary, learners must be able to receive, encode, decode and assimi-
late a combination of three types of content stimulus (enactive, iconic, or
sumbolic) in order to develop each of three types of training related beha-
viors (cognitive, psychomotor or affective). The process by which this is
accomplished is through the designing, planning, and managing a set of
instructional variables.

Instructional Variables

Figure 1 also shows two categories of instructional variables which
must necessarily be a part of any planned instructional delivery system:
(1) planning and (2) implementing. Each of these and their respective ele-
ments will be discussed.

Planning is the a priori organization of the stimulus content of a
training program which is to be presented to a learner. It includes the
following four elements: (1) readiness of the learner, (2)
organization/structure of stimulus content, (3) purpose/goals of instruc-
tional and (4) stimulus content sequence.

Readiness is perceived to be one of the most important yet probably the
least understood and implemented part of any instructional plan. It is
simply defined (Ausubel, 1963, 1968), (Bruner, 1960, 1966) and (Bloom,
1980) as presenting information or concepts (stimulus content) to learners

+. with which the learner is already familiar and at a level of abstraction
and inclusiveness such that it is most readily received, encoded, decoded

-- and assimilated with existing information or concepts. Failure to do this
requires learners to resort to rote learning strategies.

Organization and structure of the stimulus content is the second major
element or instructional planning. It includes a prior organization, and
structure of the stimulus content to be presented to a learner at a level
of abstraction and inclusiveness already familiar to students. The struc-
ture and organization of stimulus content is a most important variable
(Ausubel, 1963, 1968) (Bruner, 1960, 1966) (Shoemacher, 1960) and (Miller,
1956). It is best summarized by Miller's article "Seven Plus or Minus
Two", which suggests that by structuring or chunking stimulus content for
learners, initial learning, retention and transfer may be facilitated.

Goals and objectives are the third element in planning and have the
effect of serving as an advanced organizer (Ausubel, 1963) for the learner
by alerting the learner to the focus, on the standards and outcomes of
instruction (Ammerman and Melching, 1963) (Mager, 1965, 1968).

Instructional sequence is the fourth component of instruction planning
generally agreed to be important for facilitating effective learning
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I (Gagne, 1963 and Briggs, 1967). It is generally accepted that mastery of
certain stimulus content is prerequisite to the learning of other related
stimulus content. Gagne suggests that learning progresses in a hierarchi-
cal manner (1963).

In general, instructional planning is perceived to be prerequisite to
the formal design and management of any technical instruction program. The
specifies of an instructional system may differ (group vs. individualized
computer assess instruction), but the elements or readiness, organization
and sequence of stimulus content to achieve prespecified goals or objec-
tives, are elements which must be considered in designing any instructional
program.

Implementation

The second component part of an instructional system may be referred to
as elements which attempt to account for individual differences in learner
capabilities. The following are the four component parts followed by a
brief discussion of each: (1) rate of stimulus content presentation, (2)
frequency/contiguity and practice of stimulus content, (3) reinforcement/
reward and (4) knowledge of results or feedback.

Rate of presentation of stimulus content represents a factor which com-
pensates for different rates of learning. Some learners are able to
encode, decode and assimulate stimulus content more rapidly than others.
Some learners may learn from iconic stimuli (pictures) more readily than
enactive or symbolic stimuli.

Frequency, contiguity/practice is another factor related to principles
of instruction. In general, the more frequently and contiguous stimuli are
presented to and practiced by a learner, the more important and proficient
the learner becomes with respect to the use of that information or skill.

Reinforcement/reward is a well accepted fact for theories of learning
and instruction (Bruner, 1966) (Skinner, 1969) (Ausubel, 1963). Reinforce-
ment takes the form of intrinsic and extrinsic rewards. Extrinsic are those
provided by the instructional environment (e.g., money, praise, tokens,
etc.), where intrinsic rewards are those which the learnAr derives from an
instructional experience. Regardless of the form of reinforcement or
reward, reinforcement is a necessary and powerful factor to facilitate or
control learner behavior.

Knowledge of results is closely related to the concept of intrinsic
reinforcement since based on feedback of correct or incorrect performance,
learner behavior is modified in acordance with correct or expected
standards/answers. Failure of an instructional system to provide immediate
feedback to learners reduces instructional effectiveness.
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Part 3

A Proposed Rationale for Instruction

The proposed rationale for military and vocational education technical
instruction is admittedly eclectic since it is based on many of the ideas
represented in a review of research (Smith and Currey, 1981) and does not
draw upon one school psychology but rather represents a synthesis and
application of the best of thinking of many theorists about instructional
effectiveness. The rationale is based on the validity of the following
five assumptions:

Assumption 1: A learner is a stimulus receiving, seeking,and
responding organism without which psychological frustration is experienced.

Assumption 2: Learners differ in terms of the rate at which they can
receive encode, decode, and assimilate stimulus content.

Assumption 3: There is some finite number of concepts individuals are
able to remember at a given time. By chunking content in more inclusive
concepts, retention will be facilitated.

Assumption 4: All stimulus content for instruction must be drawn from
one of three classes of stimuli presented to a learner at some level of
specificity or abstraction: (1) enactive stimuli, (2) iconic stimuli or
(3) symbolic stimuli.

Assumption 5: Learners are able to most readily encode, decode and
assimilate material or conceits with which they are already familiar.

Based upon these five assumptions, it is now possible to suggest a
rationale for the design and management of technical instructional programs
which is believed to facilitate intitial learning, retention, and transfer
of skills and knowledges.

Planning Instruction

The following five steps are suggested as a basis for designing and
*- managing technical instructional programs.

1. Conduct a task analysis to identify all the technical, (enactive
stimulus) tasks to be presented to learners. These technical skills will
most probably be taught separately through repeated demonstrations or prac-

tice, but will be functionally related to a more inclusive structure of
knowledge and take on greater meaning and importance within this structure.

2. Conceptually and graphically restructure the stimulus content (tasks and
knowledges) into no more than seven plus or minus two mutually exclusive
and exhausitve clusters such that all or most skills and knowledges are
subsumed by or can be included within the clusters.
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3. Present the graphic reconceptualized or restructured stimulus clusters
to a learner in a way that is already familiar to the learner.

4. Specify the goals and objectives of instruction to establish a state of
readiness for the learner and instructor as well as making explicit the
instructional procedures and standards of performance.

5. Sequence instruction deductively beginning with the most inclusive
technical clusters of instructional stimuli using combinations of enac-
tive, iconic and symbolic stimuli while presenting specific skills
knowledges or facts in a manner that relates facts or skills to the
broader, more inclusive technical concepts.

Implementation

The factors or variables that relate to the concept of implementation
have already been discussed in a previous section of this paper and include
the following four elements: (1) rate of stimulus content presentation,
(2) frequency and contiguity with which content stimuli are presented to
and practiced by the learner, (3) rewards or reinforcement schedule, and
(4) knowledge of results or feedback.

It is believed that in the proposed rationale, the factors related to
planning are essentially the same for all learners regardless of the mode
of instructional delivery since the content stimuli and performance stan-
dard are set by the expectations of the program designers. The factors
related to implementation are intended to account for individual differ-
ences in terms of differential abilities of the learner to receive encode,
decode, and assimilate information or skills. From a management/control
perspective, only the four elements of implementation mentioned above are
variables which are intended to compensate for individual differences.

Summary and Conclusion

The purpose of this paper was to present, discuss and propose a
rationale for designing and managing technical instructional programs in
the military and vocational education. The ideas contained in the paper
were based on a comprehensive review of research learning and instructional
theories, but the ideas were eclectic and do not necessarily reflect any
one particular school of thought.

1128

J



References

Ammerman, J.K., and Melching, William H. The Derivation, Analysis and
Classification of Instructional Objectives. Technical Report 66-4.,
HumRRO, George Washington University, Human Resources Research
Office, May 1966.

Ausubel, David P. "Some Psychological Aspects of the Structure of knowledge,"
In Education and the Structure of Knowledge, Rand McNalley and Company, 1964.

Ausubel,David P. The Psychology of Meaningful Verbal Learning, Grune and
Stratton, New York 1963.

Bloom, Benjamin. "Mastery for Learning, Evaluation Comment, Vol. 1, No. 2., Center
for the Study of Evaluation of Instructional Programs, UCLA, Los Angeles, CA.

Briggs, Leslie, V. Sequencing of Instruction Relation to Hierarchies of
Competency. American Institute for Research, Palto Alto, CA 1967.

Brown, George H. et al. Development and Evaluation of Improvided Field
Radio Repair Course. Technical Report 58, Human Resources Research Office,
George Washington Univesity, 1958.

Brown, John Seely, et al. Intelligent Computer Assisted Instruction (CIA)
Applications. DHEL-TR-76-67, Technical Training Division, Lowry Air Force
Base, Colorado 1976.

Brown, John Seely, et al. Reactive Learning Environment for Computer Assisted
Electronics Instruction, AFHRL-TR-76-88 Technical Training Division Lowry Air
Force Base, Colorado, 1976.

Bruner, Jerome S. et al. A Study of Thinking, Science Editions, Inc. New York,

1965.

Bruner, Jerome S. The Process of Education. Harvard University Press, 1968,

Cambridge, MS 1963.

Bruner, Jerome S. Toward a Theory of Instruction. Harvard University Press,

Cambridge, MS 1966.

Christal, Ray E. "Implications of Air Force Occupational Research for Curriculum
Design", In Process and Techniques of Vocational Curriculum Development.
Minnsota Research Coordinating Unit for Vocational Education, Minneapolis,
Minnesota 1970.

Dallman, Brian E. and Delea, Philip J. Evaluations of Plato IV in Vehicle
Maintenance Training, AFHRL-TR-59. Technical Training Division, Lowry Air
Force Base, Colorado, 1976.

Fryklund, Verne C. Trade and Job Analysis. Bruce Publishing Company, 1944.

Gagne, Robert M. Conditions of Learning. Halt Renehart and Winslow, Inc.
New York, 1965.

1.129



r-

(n.

K ~L~uL) U

1-4 CC4JNi -i

i, N i cnt
CC/,

K. C e

1130



ADP001 3 7 9

Computer Assisted Task Selection
in

US Army SQT Development

Robert M. Smith, Ph.D.
USATSC Test Psychologist, SQT Management Directorate

Fort Eustis, Va 23604

The SQT is the US Army's major diagnostic instrument for
evaluation of individual training and is an annual assessment of
performance on 25 to 35 selected tasks. These tasks are selected
by the service school which is proponent for each Military
Occupational Specialty (MOS). However, there is little formal
input from field units within this task selection process. This
omission is compounded by an increasing rate of attrition on among
subject matter experts at the schools and the diversion 6f experienced
military personnel away from the training development area. Although
the service school is formally responsible for the content of the SQT
test plan, the knowledge and experience base at the operational level
may be far removed from the field; thus, perceptions- of the appropriate
task emphasis may be inaccurate.

The Computer Assisted Task Selection (CATS) system is a data
driven technology intensive alternative to the current SQT develop-
ment system. CATS actively involves the field in the task selection
process early in the SQT development cycle and continually solicits
and monitors input from the field units regarding the importance of
evaluating various tasks.

. The CATS system operates on an automated data base of military
tasks which is updated frequently with results of field surveys and
on-going SQT testing and adjusts the content of the developing test
plan in accordance with the subjective and objective requirements
of the field. Through the use of self-adjusting automated systems
like CATS the Army may produce more relevant, timely, and higher
quality training products -t lower cost.
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The Skill Qualification Test (SQT) is the US Army's major

individual training diagnostic instrument for enlisted personnel.

It is developed and administered on an annual basis and evaluates

performance on selected critical tasks in the soldier's Military

Occupational Specialty (MOS). These critical tasks, the conditions

under which they are performed, the standards of acceptable per-

formance, and the specific elements which comprise the task are

detailed in the Soldier's Manual (SM) for each MOS. The SQT is the

primary determinant of individual training emphasis throughout the

Army.

*Although the Army Training Support Center (ATSC) is responsible

for the production and distribution of SQT material, and scoring

and renorting of SQT performance results, each of the 22 separate

service schools and agencies, through their Directorates of Training

Development (DTD), is contractually responsible to ATSC for the con-

struction of their specific SQTs each year. The actual number of SQT

produced, along with all the supporting material for each test,

ranges from 12 to 170 separate test series annually for each school.

The ATSC provides guidance and test construction assistance

to the schools through the SQT Management Directorate (SMD) and the

publication of circulars, pamphlets, and directives. During the

past 2 years, ATSC has also placed one or more test development

specialists at each school for the purpose of monitoring the con-

struction of, and assuring a high level of quality in, the SQT.

1132



Within each school, the SQTs for which it is responsible are

typically in different phases of a 15 month test development cycle,

since each SQT has its own publication and administration dates.

Additionally, the testinig orientation and performance emphasis is

different for combat arms, combat suppozt, and combat service

support branches of the force due to their differing technical

requirements.

As can be seen in this brief description, the SQT is a large,

complex, and resource intensive production and evaluation effort.

To be effective and efficient, the technical quality and field

relevance of SQT products must be as high as possible.

An attempt to assure the quality of SQT products has been made

through provision of technical guidance and the establishment of

developmental procedures by the ATSC test psychologist and specialists.

A attempt to provide field relevant input to the SQT development

process has been made through provision of SQT test plans to Major

Army Command (MACOM) and Army Readiness and Mobilization Region

headquarters and the provision of on-going test results to the

schools. Unfortunately, neither of these attempts has been suf-

ficient to accomplish the goal of high quality, field-relevant SQT.

First, there is no mandatory documentation and audit of the process

by which tasks to be evaluated by the SQT are selected. Second,

there is no mandatory consideration of field input in the selection
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of tasks for the SQT. An additional negative influence is the rate

of attrition among test development staff at the schools and the

resulting loss of institutional memory and the rotation or diversion

of recently experienced military personnel away from the SQT

development area. The knowledge and experience base at the schools

thus may be far removed from current field reality and the resulting

perception of appropriate training emphasis, which is driven by the

SQT, may be inaccurate.

Clearly, new mechanisms must be developed and implemented in

order to enhance the quality and relevance of the SQT evaluation

system.

A brief review of the SQT development process at this point may

be helpful in identifying the areas in which an alternative approach

is required. The first crucial step in SQT construction is the

* selection of tasks from the SM to be included in the SQT test plan.

The SQT test plan is comprised of 25 to 35 tasks selected from

approximately 200 to 500 tasks which are appropriate for an MOS. The

SQT test plan for an MOS is usually developed by one subject matter

- expert (SME), military or civilian, working alone, supplied with

* published guidance from ATSCo The SME may have recent field

-• experience or he may have been assigned to the school for several

years. The guidance with which the SME is supplied specifies, in

detail, the selection process for each task, but does not require
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documentation of the process. The SME is required to evaluate each

task which is appropriate for the MOS (the task pool) on approximately

20 different characteristics. The characteristics include performance

deficit, frequency of use, performance time, doctrinal currency, etc.

* If the task obtains high ratings on these characteristics, then its

testing payoff is high and it is selected for inclusion in the test

* plan. If the task obtains low ratings on these characteristics, then

its testing payoff is low and it is not selected for inclusion in the

. test plan. Ideally, all tasks in the MOS task pool will be subjected

to this process, and only the highest rated (highest testing payoff)

tasks will be selected for the SQT test plan. A common concern among

- those who observe this process at the schools is that these procedures

are not followed consistently due to personnel shortages, lack of

training, or lack of incentive to accomplish this time-consuming,

labor-intensive task. Monitoring this undocumented, largely mental

and unobservable process adequately consumes an exhorbitant amount

of time and duplication of effort on the part of the evaluator.

Additionally, beyond the requirements for task selection on their

individual characteristics, there are additional requirements for the

composition of the final test plan as a whole. The number of tasks

which fall into certain categories must not exceed quotas which are

determinded by ATSC and by the relative number of tasks in certain

other categories in the SQT test plan. These quotas are often unrelated

to the importance of the task for the MOS and, in many instances, do
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not accurately reflect the characteristics of the MOS task pool

as a whole. If these SQT test plan quotas are exceeded, then the

test plan must be reconstructed or a request for exception to policy

. must be initiated and forwarded to ATSC through the commandant of

the school. Since the final approval of the SQT test plan rests with

ATSC, and the produce test plan is easier to evaluate and verify in

terms of task quotas than the process by which it is developed, it is

far easier to construct an SQT test plan be selecting tasks which

simply fit the guideline quotas than it is to carefully construct the

test plan with tasks which form an integrated, meaningful and relevant

whole which is seen as important and useful. The current system puts

great pressure on the test developer to produce a test plan which

satisfies policy but may ignore the actual training needs of the Army.

In regard to field input, under the current SQT development system,

SQT test plans are sent to field commands (for informational purposes

only) approximately 1 year prior to the test administration date.

The importance of task groups and individual tasks to the field

commander may or may not be communicated and considered by the schools

for future SQT development. The comments are often not received in

time to effect changes in composition of the current SQT test plan.

The current system effectively ignores the input of the ultimate

user of SQT results, the field unit commander.
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The lack of documentation of task characteristics, objectivity

in task selection, the mechanistic quality of task selection and the

loss of intitutional memory through military personnel rotation and

civilian personnel attrition, has converged in the need to automate

the SQT test plan construction system. The use of computers to

assist in the development of tests, test administration, and

instructional management generally is extensively documented in the

literature and will not be reviewed here. (Baker, 1980, Lippey, 1974,

Smith, 1977, 1980.) It would be appropriate for the Army to investigate

the effectiveness of a prototype computer assisted SQT development

system which is now under development at the US Army Infantry School

and which operates on the existing TRADOC computer network.

The Computer Assisted Task Selection (CATS) System establishes

an automated file containing documentation of individual task

characteristics and the selection criteria for the SQT test plans.

This file is processed by a computer program which mimics the behavior

of the human test developer in selecting tasks for the SQT test plan.

The computer program makes an initial pass through the task file and

marks as rejected those tasks which are doctrinally inappropriate for

the MOS. During this initial pass the program also sums the testing

payoff ratings for each task and adds or subtracts testing payoff

points for increased or decreased emphasis of certain subject areas

which are specified by the test developer. At the end of this initial
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pass, the system reports the number of tasks in the various categories,

thereby summarizing the composition of the task pool. The task file

is also rearranged at this point by skill level, track, and testing

payoff from high to low values. This assures that the final test

plans will contain tasks which are specific to the MOS and track, and

will be high in payoff. The second phase of CATS continues with

several passes through the task file, one for each skill level and

track in the MOS. Each task record is evaluated and accepted or

rejected for inclusion in the test plan. Running totals of task

characteristics and other program control parameters are maintained

as the run progresses until the test plan is completed. The system

then is reset and processing begins for the next test plan. Each

test plan is evaluated for guideline compliance as it is developed

and the status of success or failure is reported to the user.

The CATS system thus relieves the schools of the labor intensive

and time consuming task of test plan construction. ATSC guideline

compliance is automatically verified as the test plan is developed.

CATS provides increased field input through incorporation in individual

task records of the results of frequent surveys of field unit commanders

regarding the emphasis they put on different aspects of the total task

pool.
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The CATS system is a data driven, technology intensive alternative

to the current SQT development system. It operates on an automated

data base of military task characteristics which is updated frequently

with results of field surveys and on-going SQT testing. The system

adjusts the content of the developing test plan in accordance with

the objective requirements of the field. The utilization of this

technology may provide the necessary mechanism to enhance the SQT

construction effort.
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interrater Reliability: The Development of an Automated Analysis
:- !ool

--The Comprehensive Occupational Data Analysis Programs (CODAP)

system is , basic tool in both operational job analysis and in occu-

pational research. This system of programs is augmented and enhanced
to meet changing requirements from the research commmity. In partic-
alar, this paper discusses the Jfvelopment and evolution of interrater
reliability procedures. The history of these procedures is traced from
techniques in use prior to its inclusion in the CODAP system through to
the present time. Iis paper explains the program capabilities in
terms of the research requirements which necessitated the enhancements
and may be used as an analyst's guide in the future. The paper closes
ny examiinr.n, current researci streams, potent.al appLications, and the
operational use of the newest version of this program aimed at ful-
fi-iijig L ese anticipated needs.
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INlt1RRATER RELIABILITY:
The Development of

An Automated Analysis Tool

Michael R. Staley

Johnny J. Weissmuller

Air Force Human Resources Laboratory
Brooks Air Force Base, Texas 78235

INTRODUCTION

Within the United States Air Force, as well as many other military and
civilian agencies, there is a fundamental technology which supports
occupational analysis for both operational and research programs. The core
of this technology is called CODAP, an acronym for the Comprehensive
Occupational Data Analysis Programs. The CODAP "system" is a set of analysis

tools and procedures which use, as raw material, information provided by
members of the occupational field being studied (Thew & Weissmuller, 1979).
This system may be used to improve classification structures, assess
job-related skills, verify the relevance of training courses and support a
host of other applications for which an accurate knowledge of job content at
the task level is desirable (Weissmuller, Moore, & Thew, 1980).

Prior to the 1970's, the CODAP system primarily analyzed relative time
spent ratings from job incumbents. About 1970, it was decided that the value
of CODAP reports would be significantly improved if supervisors' ratings of
task importance could be reported alongside of incumbent performance data.
Because the concept of "importance" is multifaceted, a technology was
required to handle any number of factors which might be considered
"important" for tasks in any specific application. One of the more promising
"task factors" was Task Learning Difficulty, which allowed supervisors to
rate the relative difficulty of training new personnel to perform various
tasks within their specialties. A program called TSKDIF was added to the
CODAP system to compute the mean task difficulty ratings of supervisors
across all tasks in a job inventory. These ratings were used to resequence

the tasks in standard job descriptions into descending order based on average
task learning difficulty. Hence, within any specified job, Air Force
managers could easily see the tasks hardest to learn and the degree to which
journeyman level personnel were performing and spending time on those tasks.
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About the same time, an interrater reliability program was being
developed within the Laboratory. Although reliability theory was developed
to measure the trustworthiness of test instruments, the applications within
the Laboratory were concerned with assessing the level of agreement within a
group of raters. This interrater reliability program allowed researchers to
make some statements about the stability of the ratings they were collecting
and reporting. In order to increase the credibility of the CODAP reports, it
was decided that this procedure should be incorporated into the system and
routinely applied to the task learning difficulty ratings. This paper traces
the development and evolution of the interrater reliability technique within
the CODAP system.

PRE-CODAP VERSIONS: EARLY 1972

One of the earliest interrater reliability programs within the
Laboratory was developed by Mr. Manuel Pina. The program was later modified
and applied to aptitude rankings of 207 task statements from eight career
ladders. This work was accomplished by Mr. Charles A. Greenway in a
non-CODAP applications section. Although the use of ratings from 10 research
scientists was a modest beginning, the results were promising enough to
warrant further development. Subsequent uses in "real-world" settings
uncovered some operational shortcomings. The program required that all
raters rate ALL tasks. Some analyses had to drop as many as 80 percent of
the raters because they failed to meet this condition. As this was deemed
unacceptable, it was clear that further changes were required before
inclusion in CODAP.

THE FIRST CODAP VERSION: AUGUST - NOVEMBER 1972

Dr. Raymond E. Christal, then Chief of the Occupation and Career
Development Branch of the Personnel Research Division of the Air Force Human
Resources Laboratory, assigned to Mr. William J. Phalen the responsibility of
integrating an interrater reliability procedure in the CODAP system.
Mr. Phalen worked with Master Sergeant (MSgt) William D. Stacey, head of the
CODAP Programming Unit, to coordinate the development of the required
program. MSgt Stacey assigned the programming task to Airman First Class
(AIC) Johnny J. Weissmuller. Many of the details of the first CODAP version

* .were worked out between Mr. Phalen and AIC Weissmuller (Stacey, Weissmuller,
Barton & Rogers, 1974).

The new CODAP program (RXXNDX) followed the example of previous versions
and reported the interrater reliability coefficients (Rl1 and Rkk), computed

. by Lindquist's intraclass correlation technique (Lindquist, 1953, p.361) and,
optionally, the mean rating for each task. In addition, this program

provided some new capabilities. It compensated for raters who did not rate
every task (Haggard, 1958, p.14) and, optionally, adjusted the ratings of
raters who tended to rate either high or low as compared to all other raters.
The program also reported the number of tasks rated, the rater's correlation

*with the grand mean vector, the mean of the rater's ratings and the mean of

. task means for the tasks rated by the rater.
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As the program was nearing completion and several tests were being run,
it was noted that the mean of the task means was not 4.0 as would be expected
from a seven-point relative scale. The standard deviations also varied
widely from one data set to another. It was decided that if two different
factors were ever evaluated within a single analysis, it would bf important
to standardize the task means to some common value with a spccif , standard

deviation. This would allow one to compare different ratings on a given task
and determine which factor was "more critical." The program was im adifitd Ao

that if any adjustments were made to individual ratings, the task mcan would
be standardized to a mean of 5.0 and 1.0 standard deviation. This version of
the RXXNDX program was released in November 1972.

THE FIRST YEAR REVISIONS: NOVEMBER 1972 - NOVEMBER 1973

During the first year of use, several revisions were required to handle

ongoing research projects. One of the most prominent research streams was
the investigation of multiple rating scales conducted by
Lt. Col. James B. Carpenter (Carpenter, Giorgia, & McFarland, 1975).
Interrater reliability measures were desired for ratings on 7-, 9-, 25-, 99-

and 9999-point scales. It should be pointed out that the 9999-point scale
was actually a direct percent time spent estimate in which two decimals of

accuracy (e.g. 45.67) were permitted. The original versin of RXXNDX only
permitted single digit ratings. These ratings were assumed to be in the
range of 1 to 7, with the SETCHK program doing all error-checking and
resetting out-of-range values to zero. The RXXNDX program was modified to
handle ratings of up to six digits.

Later in the first year, it became apparent that the report of rater

correlations with the grand mean vector was effectively identifying deviant
raters. As the reliability of a test instrument can be improved by the

removal or replacement of poor items, so can the reliability of the mean
ratings be improved by the removal of deviant raters. Since the primary
measure of stability is the R , removing too many raters may actually reduce
stability (Haggard, 1958, p. 89 : and hence the removals should not be done
indiscriminately. For this reason, a capability was added to the RXXNDX

program to bypass any analyst-specified raters. A t-value column was added
to the rater correlation report in order to help analysts evaluate the

significance of correlations based on the differing number of tasks rated by
each rater. Although the rules-of-thumb varied from analyst to analyst,
deviant raters were usually defined to be raters showing a very low (or
negative) correlation with the task mean vector across al' raters, or those

having a t-value of 1.65 or less.

During this period the program name was cha nged because "RXXNDX" was

deemed unpronounceable. As the program was more ccmmonly called "REXALL," the

name change was made official to avoid confusiun and was justified as "RXXNDX
with ALL options." As time went on, however, it became clear that ALL options

had not yet been added.
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THE EXPLOITATION OF TASK FACTORS: NOVEMBER 1972 - OCTOBER 1976

During this time frame, REXALL became a standard part of the Air Force's
operational occupational analysis procedures. By mid-1975 other task factors
were being considered and programs were developed to exploit this newly
acquired methodology (Christal & Weissmuller, 1976). Some of the motivation
for pursuing task factors at this time was the high-level discussion in the
Australian Department of Defence aimed at adopting a single occupational
analysis system as their DoD standard. Because there were two competing
systems being used in the Australian armed forces, their basic choice was
between the USAF version of CODAP adopted by the Australian Air Force and an
independently developed Australian Army system. A major advantage of the
Army system was its ability to effectively handle various task factors. As
these capabilities seemed highly desirable, the USAF developed and integrated
a generalized task factor capability into the CODAP system. This action may
have contributed to the Australiansl final decision to adopt the CODAP
approach as their standard. The sc of programs which comprise this
capability has become known as the Task Factor extension or the Task Factor
Applications Package.

With the increased emphasis on new factors and the intention of making
more use of these daca, the practice of removing so-called "deviant" raters
came into question. Some researchers felt that the raters who were removed
might represent a consistent, valid, albeit minority viewpoint. Squadron
Leader (SQN LDR) Kenneth Goody, an Australian exchange officer working at the
Laboratory, investigated this hypothesis. He concluded that, in general,
raters removed using the REXALL process were simply uncooperative
(Goody, 1976).

During the course of this analysis, however, he wondered if the deviant
raters were members of a smaller, easily identified subgroup with a different

policy. He hoped that these groups might be identified by some background
characteristic such as grade level, major command, etc. SQN LDR Goody
obtained a copy of the REXALL program and modified it to permit the screening
of raters based on predetermined categories. He had trouble in testing these
ideas because background data were not routinely collected from the
supervisory raters. Even when he obtained the necessary information, his
technique required the use of special programming to code each rater
according to the category of interest prior to running REXALL. Although this
was inconvenient, the potential use of that option was considered important

enough to warrant making his version of the program the CODAP standard.
Also based on his recommendation, data collection procedures were modified to
solicit more background information from raters.

THE IMPACT OF TRAINING EMPHASIS: 1978 - 1979

Training Emphasis is a task factor designed to capture a field
supervisor's recommendations about which tasks ought to be included in
entry-level training and how much relative emphasis should be placed on each
task (Ruck, Thompson & Thomson, 1978). This task factor departed from the
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CODAP standard 1 to 9 rating scale. For this factor, raters were asked to
use a scale of 0 to 9, in which zero meant "Do not train." Although this is
quite logical, there were some problems in using these data in the REXALL
program. REXALL considered ratings of zero to be nonresponses and
substantial program changes had to be made. In addition, the SETCHK program
which range checks the data was also modified to permit zero as a valid

rating.

Training emphasis continued to impact on REXALL. Although many career
fields produced stable vectors of task means, some Air Force specialties

failed to achieve a minimally acceptable value for interrater agreement.
These specialties were labelled "complex specialties" and further analyses
were conducted. It was thought that there might be different rater policies
for various subsets of tasks. Various policy-capturing techniques were
attempted without much success. One subsequent attempt involved using REXALL
to identify not only a reduced set of raters, but also a reduced set of tasks
on which there would be general agreement. The REXALL program was modified

to make multiple passes of the data and compute interrater agreement on sets
of tasks that were rated by at least a specified percentage of raters
(e.g. 10%, 20%, 40%). Of course, for these purposes, a zero had to be
considered a nonresponse.

Unfortunately, this modification also failed to achieve the desired
results. It was next hypothesized that the 0 to 9 scale was inadequate to
fully represent the range of emphasis intended by the raters. Because zeroes
were averaged in with the typical 1 to 9 ratings, the overall means for tasks
only reached a maximum value of about 3 for the most important tasks. The
proposed solution was to reweight the responses so that 9's became 512, 8's
became 126, and so on. This line of thought was explored by another
Australian exchange officer, SQN LDR Michael J. Cassidy, and several such
weight substitutions were suggested. The REXALL program was modified to

permit this capability, but none of the substitution schemes seemed to solve
the problem.

The next approach to complex specialties was to try clustering raters
using the standard CODAP procedures. Using these procedures, the research

analyst was provided with a cluster-merger diagram from which to identify
rater groups of interest. It was hoped that these empirically defined groups
would represent the various rating policies. Using this approach, a problem
was identified in that the REXALL program was designed to use all raters on
the input file with the exception of those it was specifically told to
ignore. The clustering programs, on the other hand, produced short lists of
raters to be used instead of the longer lists of raters to be ignored. For
example, in this analysis groups typically consisted of 20 to 30 raters,
while the rest of sample usually contained 300 raters. Rather than require
researchers to specify all raters NOT included in each group, a new version
of REXALL called "REXNON" was made which used only the raters requested. The
new program caused "REXALL" to be reinterpreted as "interrater reliability on
ALL raters" and "REXNON" to mean "interrater reliability on NONE but the
specified raters."
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THE IMPACT OF STRENGTH & STAMINA: 1979 - 1980

The Strength and Stamina research project was designed to help identify

career ladders and tasks within career ladders that warranted a further
in-depth study of various physical demands (Gott & Alley, 1980). As in the
Training Emphasis area, a 0 to 9 scale was used. Because of the lessons
learned, however, raters were required to enter an actual zero digit to
signify "no lifting requirement" and an "X" to signify "unknown requirement."
Again, REXALL had to be modified -- this time to interpret an "X" as a
nonresponse. The SETCHK program edits the data file that is later used by
the REXALL program. This program also had to be changed and the required
changes were not straightforward. For this reason a new version of SETCHK
called "SETCKR" was developed.

As this project had short suspenses and spanned nearly all career fields
within the Air Force, a large level of effort was required within a short
time frame. For this reason a major portion of the logistics was completed
under contract. In order to minimize training time, many of the computer
runs were preprogrammed to require only clerical support. In the REXALL
program, an option was added to record which raters were deemed "deviant" and
on subsequent passes, automatically remove those raters.

TRAINING EMPHASIS, CONTINUED: 1980

In the intervening time period, several approaches outside of the REXALL
methodology were tried with the training emphasis ratings in the "complex
specialties". In 1980 another REXALL-based approach was suggested by
William J. Phalen in which only those tasks with low standard deviations
would be considered for inclusion in a stable, majority viewpoint. Instead
of adding another option like the "percentage of raters" mentioned above, a
more generalized approach was taken that reduced the task set based on the
values of any specified task factor. For example, with this new option one
could investigate the training emphasis for only those tasks that are
performed by a high percentage of members. This and other approaches are
still being considered but to date, no operational method has been adopted.

CURRENT RESEARCH & FUTURE REQUIREMENTS -- REXSPC: 1981 - 1982?

There are two projects currently underway which would be greatly
facilitated by program changes. The first is a continuation of the Training
Emphasis research project and is being done by the most recent Australian
exchange officer, SQN LDR Hans P. Jansen. This analysis is exploring factor
analysis techniques and addresses both the question of sample sizes and the
reliability of task means. A large number of raters is being randomly
subdivided into various groups and the stability of the interrater agreement
cofficient is being monitored. Under the present system, approximately six
computer runs are required to prepare the data, identify samples, select
subsets and compute interrater reliability for each sample. A program called
"REXSPC" is currently being developed which will reduce this to two runs.
This may not seem significant, but there are over 300 random subsamples to be
processed and this could save over 1200 computer runs.
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The second project, being done by Captain James H. Gilbert at the USAF
Occupational Measurement Center, is designed to evaluate the difference in
training emphasis policies between supervisory personnel for maintainance of
different aircraft systems. In this analysis, over 20 different aircraft

systems are represented, and the intent is to produce a task mean vector for
each system. Again, under the current system, this requires three computer
runs, while the new REXSPC program would handle this in one run. If

Capt. Gilbert's research finds significant differences between these groups
of supervisors, this approach may become the operational standard for all
future analyses. If this happens, REXSPC will result in a greater savings
impact than is expected for the 20 systems currently being studied.

Not all questions have been answered -- indeed, not all questions have
yet been asked. New questions usually require new tools; hence, all
development has not yet been completed. The interrater reliability
capability began simply as a method to produce a single number representing
the confidence in mean ratings. It has expanded and is helping to form new
guidelines for the types of raters and ratings that are necessary to provide
Air Force managers with sound information on which to base their policy
decisions. As long as Air Force managers face new challenges, the
development and evolution of automated analysis tools will be required to
meet their changing needs.

1
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AN" II.OVATIVE APPROACI TO DATA C&PTURE DI AUTOLATED ASSES&LMT.

Author - Major John F Taylor MSc, Training Consultant, Army School of Training
Support, England.

* ( Summary
" The microcomputer has had a saitgficant impact on the deve!onment of computer

ass'sted learning. It has not resulted in a parallel development in computer
managed learning especially in the area of computer based testing. One of the

" reasons for tthis is that testing,especially in the conventional group testing
situationrequires efficient data capture. The usual medium for this has been

by marked cards. Equipment to read cards is expensive compared with the processing
power required. The development of a low cost input system is discussed in terms

* -of the appropriateness of imposing program controlled answering strategies on
testees attempting a ocnventional multiple choice objective question achievement
test.

"Chips with everything" has taken on a new meaning in the British idiom.
Articles in the popular press continue to debate the effect that microprocessors
will have on everyday life. The British and other West European governments
have initiated programs to support the spread of microcomputers throughout tbeir
educational systems. But what have been the consequences of computer techn6logy
for training and education? First; courses of instruction have been developed to
improve computer appreciation and literacy; second; courses of instruction have
been developed to produce trained personnel for the computer industry and to
operate related technological equipment; third; increasing use has been made of
computer technology as an aid to the training and learning processes. This paper
is not concerned with the sociological or technological aspects but with the
development of the microcomputer as an aid to training development.

Computational facilities have been available to trainers for a considerable
period, usually through access to batch or time sharing systems. Initially this
kind of facility was used for the provision of courses in computer programming,
computer science and computer appreciation. Recent trends consequent to the
increased availability of processing power have been to expand usage to support
the learring of other subjects. In many subjects programs have been implemented
which embody a variety of educational roles, including drill and practice,
applicatiors, tutorial, simulation and modelling. Applications programs and drill
and practice programs are relatively easy to implement and use in conjunction
with syllabuses taught primarily through an instrumental (learn by being told)
educational philosophy. However, it is much harder to build simulation programs
and integrate them into existing syllabuses, and even harder to accommodate
modelling activity despite its enormous potential at the relational (learn by
discovery) end of the learning dimension . However, the plethora of programs
available does indicate that a great deal of resource has been committed in
recent years to the development of quite sophisticated computer programs as an
aid to learning. This effort, accelerated by the introduction of the
microcomputer, has gone on in spite of the fact trat the effectiveness of the
computer program in each of these educational roles has not been rigorously
evaluated.

Concurrent with the initial development of large systems as an aid to
learning was the development of systems used for the management of learning.
This included such roles as the monitoring of student progress, resource scheduling,
routing of students through individual paths towards mastery of objectives, test
item banking test production, marKing and analysis. Unfortunately these
applications, which are fundamental tc efficient and effective control of training
are not nearly as transferrable to the micrc.computer as the CLL applications.

' [ PREVIOUS PAGE
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There has not therefore been a corresponding wide spread development in the
quality control aspects of training as a consequence of the microcomputer
revolution. The primary reasons for this are that these applications demand
a lot of processing power and/or the collection of large anounts of data. The
management of learning by computer is therefore likely to be based on large systems
which, in order to be cost justified, will be located in large training
organisations. The problems of processing power are bcing overccre by advances
in technology, as are the data collection problems through the development
of networking techniques. However, the immediate need is to deve'or the
stand alone microcomputer to be a more effective aid especially in the quality
control aspects of training.

In the British army the lack of evaluative evidence for the efficiency
of CAL and the organisational implications of a move towards self paced
individual learning suggest that the group based instructional and testing
system will be norm. Although limited progress is being mace with a rixed
mastery variable time system similar to that implemented by the US Marine
Corps there is little likelihood of developments in the field of computer
based testing or the introducot' n of such techniques as adaptive testing.
However,the introduction of the systematic development of training programs and
the increasing demands for greater efficiency have highlighted the need for
accurately and efficiently making classification decisions in the existing
criterion referenced achievement testing system. To assist in the quality
control aspects of the army training system two levels of computer support
have been developed. These are the Student Performance and Evaluation by
Computer system (SPEC) and the Partially automated test marking and analysis
system (PATUAS).

Each system is appropriate to a particular situation. PATAS is a
system which marks multiple choice objective question (LcOQ) tests,
standardises scores and carries out item analysis. It is designed to be used in
situations where there is a high throughput of data from testing during and/or
on completion of short courses. SPEC does all that PATMAS does and much more,
its raison dtre is to produce student progress profiles. SPEC is therefore
appropriate in units which have students on long courses. Both these systems
rely or marked cards for their data input. The Optical Mark Recognition (OR)
hardware used to read these cards is expensive (£6,000 - £10,000). This is
not a problem in SPEC type systems costing £40,000 but the CLIR hardware
comprises 85 - 90% of the cost of a PATILAS system. OLR equipment was justifiable
as the only means of relatively simple (for the student) but rapid (for
immediate feedback) data capture. Unfortunately there is no indication that
the price of OIR equipment is falling in line with the general trend in computer
hardware. This means that the proportion of the cost of a PATLAS system devoted
to data capture is rising above the already high level. Therefore, the only
way tc bring the PATIAS facility into the price range which will make it a
justifiable system for many more units is to reduce the cost of data capture.
The problem is to ensure that data collection continues to be simple for the
student but sufficiently quick for the benefits of immediate feedback to be

realised.

The use of cards as an input medium is generally being replaced by program
contrc-lled keying (PCK) where data is punched directly to magnetic medium, thus
avoiding the intermediate cards. This is not only quicker but it overcomes
the reliability problems which are a feature of OMR devices. However, the
development of such a system is dependent upon the production of a low cost
input device. Unfortunately the cost of such a device is inversely
proprtional to the de,ree of program control. Consequently the cheapest
input device will result when the way in which the testee answers the test is

controlled by the system.
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This is of course at variance with current trends in the development of man
machine interfaces and "user friendly" systems. The provision of the facility
for each testee within the group to use his own strategy not only increases the
cost of each individual input device but will also make the control software more
complex. Both of these factors will reduce the cost benefIlts cf this approach
to data capture and therefore mitigate against the more widespread use of quality
control techniques. It was therefore necessary to establi'-h what facilities
need to be provided for the testee so that his performance on a test is not
altered by the data capture device.

The basic hypothesis used was that there are three different phases to the
answering of pencil and paper type UCOQ tests.

a. An INITIAL phase - when an attempt is made to select one of the
responses to as many questions as possible.

b. A REVIEP phase - when each question unanswered during the previous
phase is reconsidered.

c. A REVISE phase - when all responses are reconsidered and changed if
necessary.

The strategies which could be used to answer tests can therefore include some
or all of these phases. They could range from the strictly sequential strategy
which has only an INITIAL stage to a reiterative strategy which has a cursory
II.ITIAL stage where only the "easy" questions are answered, followed by repeated
REVI.7 phases - each iteration dealing with "harder" questions. Hence, while it
was thought that the three phases were common to most testees, the relative
importance that a testee will attach to each phase will differ. In terms of
automation of the data collection it is obvious that the model of the
predominently serialist approach would be much easier to implement than the more
complex predominently reiterative strategy. Unfortunately while a great deal
of research has been conducted on other areas of testee response patterns
(guessing, minority groups etc) nothing appears to have been published on this
particular area of testee response strategies. It was therefore decided to carry
out experiments to answer the following questions.

- Do individuals employ diffexent strategies when answering a multiple
choice objective question test ?

- If such differences do exist are they important ? ie will the imposition
of a particular strategy adversly effect tte sc:re of those testees who
prefer an alternative strategy ?

An initial experiment was carried out using 13 male Officer cadet rho were
studying English as a second language. The object of this experiment was to
provide some evidence to support the initial hypothesis that testees employ
differing strategies when answering tests. Each testee was observed as he
answered the 40 written questions on an English language ability test. Observers
sat beside testees as they attempted the test and recorded the number of the
questions answered sequentially and the time taken to answer each question. Graphs
of the response patterns for each testee were drawn and the strategies classified
into four categories, namely, reiterative, reiterative/serialist, serialist/

- reiterative and serialist. The breakdown of testees by category is in table 1.

Table I TRATEGY S S/R R/ R

[X3MR OF ~b 23
EST IS
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From this limited evidence using relatively naive test takers it was
decided that the hypothesis was supported and that further evidence should
be collected to confirm these finding. A second experiment was therefore
set up to gather more evidence of testee strategies and to make an initial
investigation of the second question stated above.

Eighteen male officer cadets, all English, who were attending an educational
foundation course prior to attending the Royal Military Academy were the testees
in this experiment. The instrument used for the test was chosen from a bank of
intelligence tests, the test used having been designed and validated for a
population which best matched the background of the testees. In this case the
rather cumbersome observation method of collecting data from which strategies
could be ascertained was replaced by a self reporting form. It was also
decided to use a repeated measures design. On the first application of the test
testees were allowed to use their own strategies to answer the test and
concurrently completed a self reporting form, which showed the order in which
questions were answered. In the second part of the experiment testees were
forced to answer in a strictly serialistway with no recourse to a review or
revise phase. To maintain the experimental conditions the testees were asete
to complete a self reporting form giving levels of confidence in their answers.

Unfortunately several candidates failed to complete the test within the
time allowed. It was therefore necessary when categorising testees by answering
strategy to subjectively allocate these testees on the basis of incomplete
information. The results of this second experiment are summarised in table 2.

Table 2 STPkX UI U5ED IN FREE TiT S S/R R/S R

lt'JrMR OF TESTEES 1 5 6 6

LEArS SCRE It. F.REE TEST 41 46 32 34.7

LW SCORE n7 rMID TEST 42 51.6 35.5 37.5

The information produced from this experiment was insufficient to draw any
conclusions about the effect that the imposed strategy had on testees, especially
on those who were forced to make the greatest adjustments. It appeared that
serialists on the whole scored better than reiterators. This factor cast
suspicion on the decision criteria used to distinguish reiterators. However,
the experiment did serve to confirm the method used. It was therefore decided
to repeat the experiment using a more typical sample and to base the experiment
on an achievement test of the type used throughout the military technical
training field. In this case then the testees were part of the target population
for which the testing sy3tem was being developed and the test was one which
the testees were expected to finish.

The third experiment used the repeated measure approach based on a free
strategy test followed by a forced serialist strategy retest. The sample used
for the experiment was 39 apprentice electronics technicians. The test used
-as a 40 ite= hi00m test, the items having been selected, in accordance with the
test specification for the topic area chosen (Direct Current theory), from a
validated bank of questicns. A self reporting technique 7;as used to gather data
from which strategies could be identified. Strategies were identified by plotting
the sequence in -hich questions were answered. Detzals of the self reporting
sheet and graphs of examples of each category cf strategy are at Annex A along
rith the results of the experiment.
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The analysis of the results was concentrated on the two extreme subgroups as
identified by the first application of the test; those testees who used a wholly
serialist strategy and those who preferred a highly reiterative approach.

The statistics calculated for the whole group performance during the
experiment are summarised in table 3, the calculations being based on scores
calculated from percentage correct.

Table 3 Whole Group statistics

TT8. iT- T

MUmber 39 39

faean Score 62.! 63.58

Range 43-.65 40-85

ID 1t.97 10.95

Kuder 0.6L 0.63
Richardson L0
reliability A

The descriptive statistics give no indication that the imposition of a serialist
strategy for t.e majority (b69) of testees who had preferred, to varying extenta, a
different strategy. The Kuder Richardson 20 reliability calculation for both test
and retest produced an acceptable figure for this kind of test. There was
therefore tentative evidence that the imposition of a fixed answering strategy had
no significant effect on the performance of testees on this achievement test.

The analysis was continued for the two extreme subgroups, the serialist group
el'rectively becoming a control group. The statistics calculated are given in table
4.

Table 4 Subgroup statistics

Subgroup Reiterators Serialists

Number 12 12

___________ Test Retest Test Retest

mean Score 66.0o b.0 V.9e 61 .Li

Range 50 65 55 - d 43- 7b 50 - 6.

kean Rank lb.d> lb.b7 21.t3 '0.6 (

Range of Ranks 1- 3; 4 - 30 3 - 3b 1 - e

Once again inspection cf these descriptive statistics gives no indication of any
differences. This initial impression was investigated to ascertain whether,

a. There was any significant difference beti7een the performance of the two
subgroups within the first and second application of the test.

b. There was any significant difference in the performance of each subgroup
betveen the first and second applications of the test.

The details of the calculations are contained in Annex A. The outcome of tie
calculations was that there were no statistically significant differences.
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This outcome was not unexpected considering the errors of measurement
involved in achievement tests of this nature. However, it does provide sufficient
justification for the development of a prototype system which can be used for
further investigation of the concept. The prototype system to be developed will
be similar to that illustrated in Figure 1.

Figure 1. Prototype data collecticn zystem.

i -J

QAiss Acer Printer

uer key

dioplay

_________Intjer-H Iro
face Computer"ni

The software system supporting the hardware illustrated in Figure 1 will
assigm the number I to the question number display of each testee and then poll
each data pad in turn searching the Answer display buffer until an entry made by
the testee pressing the appropriate key is found. The softvrre will then store
the response in the microcomputer, clear the display and assign the number ; to
the question display. This rili cortiwue for each testee until tne final question
numner is reached.

The facili;ies .nzidered and rejected were the provisiou of a "don't know"
butt.n en& n "enter" button. The "don't know" button was rejected in the "irst
instance because the literature concerning the development of multiple choice
tests items tends not to support this technique. Although the purpose of the
"don't know" Iey is in this instance different the evidence from the experiment
shows that recourse to such a Key would have been made for approximately 1%
(192 of 1579 responses) of the key depressions. Oombinir4 these factors with .ne
evidence from the experiment it was decided not to orfer this Vaciity. Similarly
the provision of an "enter" key was considered. Again evidence from a slightly
different context (CLa experiments) tends to favour a one key rather tan two key
entry system.

The evidence from these experiments shows that aifrerent strategies ar used
by testees when attempting ICDI achievement tests. The results of the experiment
suggest that the use of these strategies dces not contribute signfo-ntly to
success on tests. Hence, a single serialist strategy can be imposed without
significantly influencing the performance of those testees whose bbesviour i i
altered. The experimentation will continue using a protctre system to invetiate
the degree of user acceptance of the data input device. Should the syster- ;rove
acco'table to testees and trainers then the indications are that the inter:ace
an he ads can be made available for approximately £350. The major benefit of
this will be that the processirg power already available can be used to improve
tho validity and reliability of tV.e tests used in trbtnivj by ra!-n:n the --eans to
Monitor these factors much more widely available.

1156

"rJ



ANNEX A

RESULTS OF AN EXPERfIT TO INVESTIGATE THE EFFECT OF AY I!rOSED ANSWERING
STRATEGY ON PERFORMANCE ON AN MWOQ ACHIEVEMENT TEST.

1. The experiment used a repeated measures approach. The first aaministra~ivn ox
the test instrument was combined with a self reporting system. The data collected
on the self reporting form was used to discover the preferred answering strategy
for each testee. Those testees identified as preferring the aerialist strategy
which was to be imposed in the retest situaticn then became the control group.
The second administration of the test instrument was used to measure the
performance of testees under an imposed answering strategy. The imposed strategy
was serialist; each testes was forced to respond positively to each question in
turn, in his own time, with no recourse to a subsequent attempt on any question.
In order to keep the experimental conditions as close as possible for each
administration of the instrument a self reporting system was also used during the
second administration. In this case testees were asked to attribute confidence
levels, on a three point scale, to the answers they had selected.

Instrument

2. The testing instrument used for the experiment was a 40 multiple choice item
test, each item having 4 responses. The questions were selected from a live item
bank used for monitoring the progress of apprentices throughout a 3 year military
and technical training course. All the questions had been validated on the
population of which the testees were a sample. The test covered four topic areas
within the subject of Direct Current theory and tested knowledge, application
and comprehension.

Method

3. Test. The testees were briefed on the purpose of the self reporting sheet
and instructed in its completion. They were then given the test paper and a
response card and allowed to attempt the test in their own way within a time
limit of 35 minutes. (It should be noted that a more typical time allowed
would be 30 mins, extra time was allowed to compensate for the self reporting
system).

4 . Retest. Testees were once again briefed on the self reporting system. They
were then briefed on the imposed answering strategy. Each testes was given the
complete test paper and a response card and allowed 35 minutes to complete the
test, compliance with the imposed strategy was monitored by close invigilation.

5. Scoring. The test was scored on the basis of percentage correct, no
corrections were made for guessing. The results of the experiment are detailed
below.

Results

6. Answering strategies. The data on the self reporting forms for the test
situation was graphed in order to allocate a preferred strategy to each testee.
An example of the self reporting sheet is in figure IA below. It can be seen from

Figure 1A that this testes included element of each phase; initial, review and
revise. The initial phase included responses to all questions except I, 2, 11
and 36 and also included a revision of 27. The review phase then consisted of
responses to 1, 2, 11, and 36. Graphs were plotted for each testes. Examples of
the graphs are at Appendix 1 to this Annex. From the graphs testees were allocated
to categories as follows.

a. Serialist - A strategy which included only one initial phase in which each
question was answered in turn.

b. Predozinently Serialist - A strategy which included less than five entries
in the review and/or revise phase.

Al
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c. Partially Reiterative - A strategy which included 5, 6 or 7 entries in
the review and/or revise phase.

d. Highly Reiterative - A strategy which included at least 8 entries in the
review and/or revise phase.

The breakdown of allocations is given in table IA.

Figure 1A. Self Reporting Sheet - Answering strategies.

3 14 24 33 36

4 15 25 34

5 16 26 35
6 17 27 37

7 16 2-i 40

b 19 28

9 20 29 39

10 21 30 1
12 22 31 2

13 23 32 11

Table IA Preferred answering strategies

STRATEGY S PS PR I R

1U..8 1 12 1C 7 12

7. Performance. The results of the two adinistrations of the test are at
Appendix 2 to this annex. The analysis of the results was concentrated on the two
extreme subgroups S and R whose results are given in tables 2A and 3A respectively.

Table 2A Perfcrmance by sub-roup S(Serialist).

I_ ..... ",. SCCRE _ _ K
- TE I TZST RI'TEST DIFFR 27M TEST RXT-ST

1 43 50 +7 38 37
4 63 60 -3 20 19

16 78 85 +8 3 1
18 68 63 -5 14 1;
19 48 60 +12 34 19
21 70 60 -10 10 19
23 73 55 -18 6 30
24 58 60 +2 26 19
29 65 75 +10 17 8
31 43 53 +10 38 33
33 60 63 +3 24 15
3, 50 53 +3 32 33
, 59.92 61.42 21-U3 2C.67

1GZ 43 - 7J 50 5 3 - 38 1 1 37

A2
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Pearson's Q3 estimate of test - retest reliability for this subgroup rtet . .64

Table 3A Performance by subgroup R (Reiterators).

-- "_ F:RTU: __AG_ ____E R _L _ _

TE-T TEST HETiBT DIF01C2 TEST RETEST

5 70 75 +5 10
7 58 55 -3 26 30
9 78 63 -10 3 12

12 50 58 +8 32 27
14 70 68 -2 10 12
15 65 60 -5 17 19
17 63 55 -8 20 30
22 73 73 0 6 10
27 60 60 0 24 19
30 85 80 -5 1 4
34 58 65 +7 26 14
38 63 63 0 20 15

U!AN 66.08 65.o 16.25 16.66

kAU4E 50-8 5)-80 1 - 32 4 - 30

Pearsons Q3 estimate of test - retest reliability for this subgroup rtet -94

8. Comparison of Groups R & S. The Mann-Whitney U Test was used to compare the
performance of the two subgroups both in the test situation, where different
strategies were being used, and the retest situation. The results are summarised
in table 4A.

Table 4A Comrparison of Toup performance.

TEST RJ 3?
Lann-7hitney U 53 50

Standard Error Z 1.09 1.27

bignificant (p 0.01) NO NO

The performance of each group on test - retest was then corpared using the
Pilcoxon (related samples, signcd difference) Test. The results are summarised
in table 5A.

Table 5A Test - Retest comparison oy -roups.

SERIALI ST RIITBJU.T RS

LU~t EM 12 9

VilLOXClIS T 36 20

SIG.IFICAJiT (p 0.01) NO A:O

The divierence in performance was not statistically si nificant for either group.

A3
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Appendix 2 to Annex A

Group Experimental Results

TESTEE TEST S XRE RETEST S XRE TEST RETEST ANS?!ERING
% DRRECT % ORRECT RANK RAI.K STRATEGY

1 43 50 38 37 S
2 53 63 30 15
3 70 75 10 8 R
4 63 60 20 19 s
5 80 83 2 2
6 73 80 6 4
7 58 55 26 30 R
8 48 53 34 33
9 78 68 3 12 R

10 58 43 26 38
11 45 40 37 39
12 50 58 3 27 R
"' 65 58 17 27

70 10 2 R
15 65 6c 17 19 R
16 78 85 3 1 s
17 63 55 20 30 R
18 68 63 14 15 S
19 48 60 34 19 S
20 78 78 3 6
21 70 60 10 19 S
22 73 73 6 10 R
23 73 55 6 30 S
24 58 60 26 19 S
25 48 53 34 33
26 68 60 14 19
27 60 60 24 19 R
28 63 73 20 10
29 65 75 17 8 s
30 U5 80 1 4 R
31 43 53 38 33 S
32 68 60 14 19 -
33 60 63 24 15 S
34 58 65 26 14 R
35 50 53 32 33 s
36 70 78 10 6
37 73 83 6 2
38 63 63 20 19 R
39 53 58 30 27

um~a 62.9) 63.08 18.97 1It,.77 -

RATM 43 - 85 40- 85

SD 10.97 10.95

M~ ;0 o.6!.e 0.63

1161
4'



AD P001382

SIMULATION OF COMMAND GROUP OERATIONS : AN EVALUATIVE REPORT

Authors: Major John P Taylor MSc and Major Robert R Begland PhD.,
Training Consultants, Army School of Training Support, England.

SUMMARY

Technological advances in computer hardware and software have greatly improved
the ability to simulate the complex information systems on which commanders depend
to control warfare. The ability to generate data in real time introduces the
capability to exercise both the individuals and the group in decision making in
situations which approximate to the stressful conditions of war. The Battle Group
Trainer (BGT) was developed to provide battalion and regimental commanders and
their staffs with the opportunity to train collectively for their role. The BGT
design included a high degree of environmental realism. However, the changing
nature of the battlefield and the lack of recent experience of mechanised warfare
makes the definition of the tasks to be carried out one of conjecture. To evaluate
a Command group trainer it is therefore necessary to establish how accurately the
skills used during training and the tasks for which these skille are used
approximate to the *real" situation. Three perspectives of the "truth" are
considered in an attempt to produce the criteria against which the BGT can be
evaluated.

INTROIDJCTION

The problem with having highly sophisticated technological capabilities is
that you have to find uses for them. The old "Law of the Hamer" seems appropriate;
"If you give a child a hamer he will eventually find something that requires
pounding"

The utilization of computer simulation as a means of training, rehearsing,
testing, assessing, and playing with command groups is a commonly accepted practice.
The degree of fidelity (both physical and task based) can vary from low to high,
with various effects upon training efficiency and effectiveness. Yet the one area
that seems to elude quantification is what should be taught (experience) and how
can computer simulation maximize that experience.

There is a substantial amount of subjective data to indicate that particpants
who experience a command and control computer simulation trainer really enjoy it
and believe it to be a worthwhile experience. However, from an empirical
perspective there is scant research to quantify the nature and merit of this type
of training.

The essence of this problem is found in both the lack of a strong
analytically derived set of tasks for the command and staff of an operative Battle
Group HQ (BGHQ), and in the commensurate training design for the acquisition and
maintenance of these same tasks.

In order to conduct an evaluation of such a computer supported simulation
trainer, it is essential to be able to separate fact from fiction, truth from
hearsay, and objective from subjective. The basis of such an evaluation must
reside in the definition of the performance (operational) requirements of the
members of the command group to be trained. Both individually and collectively the
task type behaviours must be established.
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This is not a now problem. Xenophanes, many centuries ago, stated the

problem thus:

"Let us conjecture that this is like the truth, but as for certain truth

no man knows it ......... And if by chance he were to utter the final

truth he himself would not know it for all is but a woven web of guesses".

Acknowledging the weaknesses and strengths of any one analytic approach and the

complexity of the interactions within the BGHQ it was decided to approach the

problem from three different perspectives. The analtic approaches developed

and described are an attempt to capture the reality/truth of what a BGHQ is

required to do in war.

THE BATTLE GROUP TRADIER

The BGT was designed to subject the commanding officer and his staff to

stressful situations, relating exercises to real ground and portraying battle

conditions which are as realistic as possible within a realistic time frame.

The training system can best be described as a combination of a tactical

exercise without troops (TEWT), a command post exercise (CPX) and a war game.

The trainer has three main components; the BGHQ, the control room and a

tactical HQ.

The BGHQ is very much like a theatrical set. It uses actual vehicle

bodies and realistic mock ups to portray the situation of a BGHQ which has taken

up temporary accommodation in an old farm and outbuildings. The "set" produces,

as much as is possible, the conditions that the commanding officer and his staff

would expect to work under in the field, in terms of varying light levels and 
the

background noise of battle. The information which flows into the HQ through

simulated radio networks is generated in the control room.

During the TEWT phase of the training period the commanding officer makes

his plan, issues his orders and co-ordinates compliance with his plan. 
All of

this activity takes place over real ground near the trainer. 
The second phase

of the exercise is to "fight" the battle using a computer supported 
simulation

in the control room. The main tool used during the simulation is a master map

board. The map (scale: 4 cm represents lOOm) is very detailed, showing features

down to individual hedgerows and ditches. Own and the enemy's men, individual

vehicles and major equipments are represented by symbols on the map. 
Contouring

is shown by coloured layering and, as an aid to intervisibility, valleys and

ridges are highlighted by coloured lines. Around this map sit the commanders

of all the sub units involved in the battle, (company commanders, 
reconnaissance

troop commander etc). These people "fight" the battle in respect of their own

troops and report to, and seek guidance and assistance from BGHQ staffs via the

simulated communications system. The play of the battle is free to the extent

that the actions and reactions in the battle depend, on the one hand, on 
the

commanding officer's plan and the way he and his subordinate 
commanders carry

out this plan and on the other hand, upon the result of each 
and every

individual sighting, engagement or movement. The computer sub-system is used

to generate the combat information by assessing the likelihood of sightings, of

detection and the outcome of engagements between opposing units. Engagements

are assessed using a data base of hit and kill values which take into account

the range and circumstances of opponents as well as the weapon types.

Engagements can be as simple as one on one, one on many or many on many. The

computer sub system also accounts for ammunition, records 
battle casualties

and assessed the effects of artilleryt mortar, helarm, fighter ground attack

and air defence weapon systems. The simulation is therefore used to generate
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the intonmation Bd by the BGHQ to control the battle and is, except in the
circumstances described for the tactical HQ, closed to the BGHQ staff.

The tactical HQ is a simulation, again using vehicle bodies and theatrical
set which allows the commanding officer to leave his main HQ during the battle.
All the normal communications are provided and a combination of slides and
close circuit television, focussed on the map board, is used to allow the CO
to see the battlefield as he "moves".

Overall the environmental realism is achieved by theatrical means whereas
the realism of the information generated during the simulation is a consequence
of the attention paid to timings, movement, intervisibility, the chance of
sightings, the application and assessment of direct and indirect fire, accounting
for ammunition and battle casualties and the use of realistic enemy tactics.
The emphasis during the design process was therefore on environmental and
information realism. However, the training benefits which accrue from simulations
are dependent upon task fidelity as much as realism. No matter how scientifically
the information is generated during the simulation process9 if the information
is being used in inappropriate ways and causing the development of disfunctional
behaviour then the expenditure of resources on the training system is inefficient.

THE PROBL4

Traditionally the Commanding Officer of a battalion or regiment has been
given a great deal of freedom to run his unit in his own way. The emphasis in
any evaluation of the units, and consequently the C0's, readiness for combat
has been summative, Hence9 although guidelines are provided in field manuals
and personnel are established to man the HQ in accordance with the guidelines
there are as many variations on the theme as there are commanding officers. The
organisation of the B(HQ is further influenced by the operational role of the
unit providing the HQ. Armoured regiments are established differently from
mechanised battalions in terms of personnel and vehicles. A move from the
British Army of the Rhine to a station in the United Kingdom will also cause

-.- changes in emphasis. Finally the organisation of the BGHQ reflects the CO's
own experience and his perception of the level of training of the individuals
who become part of his HQ on operations. The tasks to be carried out in a BflQ,
both individually and collectively, are therefore a function of the organisational
structure of the HQ9 the level of training of the individuals who constitute the
HQ staff and the operational role of the battle group. In terms of any individual
within the HQ, the tasks he will have to perform will be an amalgam of those
things demanded of him by the CO through giving him in a pratical role within
the HQ, the tasks forced upon him by his involvement in a particular type of
operation and his background and training. The analysis of the operational
working of a BGHQ to establish the individual and collective task type behaviours
must therefore take into account these factors. For this reason it was thought
to be necessary to study the BGHQ from three perspectives, the combination of
which would give a data base from which the "truth" would emerge.

THE ANALYTICAL PERSPECTIVES

The perspectives chosen from which to view the BGHQ were those of:

a. the Commanding Officer

b. the Training system

c. the Operational Role.
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The basis for this choice was a decision to treat the BGHQ as an information
processing/decision making organimtion made up of several subsystems, each
manned by personnel who ideally will have been trained to occupy positions
in the subsystem, the system working within the environment of an operational
role. The model is illustrated in Figure 1.

System Environment - THE OPERATION

System

0 Interact ions

The 0
System "-

A bsystem

0 e.3.Operations

FIGURE 1. MODEL OF BGHQ

The environment provided by the operational functioning of the battle
group is the source of all the information used by the BDQ in its decision
makng processes. It contains the enemy, the forces under direct control of
the BGHQ, flanking and higher formations. The BaHQ has only partial control
over its environment and will therefore be driven, to a certain extent by the
environment. The BGHQ consists of the Commanding Officer and his staff.
The constituents of the system will be dictated partially by the environment
in that it will influence the grouping of the battle group as a whole, hence
the staff available to the CO. However, for a given operation the constituents
of the HQ will be fixed and within the COts influence. His appreciation of
the capabilities of the personnel available and his concept of operating
procedures will influence his organisation of the BGHQ. The subsystem
boundaries (indicated by broken lines) will therefore change depending upon
the CO. The subsystem functions and the personnel allocated to them will vary
and will partially be a consequence of the skills and knowledge each
individual brings to the system. The skills and knowledge possessed by each
individual will be a consequence of his experience and training and will
therefore frelect the current objectives within the training establishments.
The trainerswill therefore have a perception of the needs of individuals
who are being trained to fill roles in an operational BCHQ. The multi-analytic
perspective approach should therefore allow the truth of the operational role
of the BaHQ to be approached by considering:

a. what is forced upon the system (Operational perspective)

b. what is expected of the system (CO's perspective)

c. what the components of the system are capable of doing (Training
perspective).
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THE OPERATIONAL PERSPEC'IVE

This analytic approach uses the Battle Group Trainer's Scenarios in an
attempt to zero in on the actual operations that do or should occur in a Battle
Group Headquarters both before and during battle. These battle group operations
are to be defined and described in terms of the various functions (command and
staff) that are performed by the members of a BGHQ organisation at Battalion
level.

The procedure to be employed involves a series of analytic steps that when
followed will progress from a specific activity/event in a given tactical
scenario to the various functions and steps that would be performed by the staff
of a BGHQ as a direct/indirect result of that event.

The series of analytic steps begins with a chronological analysis of each
scenario. During this analysis each event or possible event is listed and the
input stimulus is described. Additionally, a more precise description is
produced for each event. Subsequent to the chronological analysis, a Functional
Analysis is conducted. The functional analysis attempts to examine each event
in terms of the various functions that relate to that event, who has responsibility
for action for each of the components of the event, and proposes a desired
response for each, along with an indication of how each component would be
measured/critiqued.

Through this functional approach to establishing the operational roles
performed by the members of the BGHQ, the individual and collective performance
requirements can be produced. Once this level of specificity is achieved, the
staff of the BGT will then attempt to prioritize all of the diverse events/functions
according to their relevance/importance. Each event (function) is examined for
its importance to the sucoessof the mission of the Battle Group# and sorted into
one of the following categories:

a. Critical Combat Behaviour

b. Relevant but less important Combat Behaviour

c. Unimportant Behaviour

Having sorted the events/functions into these 3 categories, the BOT staff
will then review each of its scenarios in detail, examining each event/function
that has been previously categorized, and maie a determination a to the
absence/presence of that function and the opportunity for realistic wpla given
the present scenario. Through this Scenario Analysis, the degree of incorporation
of Critical Combat Behaviours for each scenario can be established.

This multi-stage analytic approach has been developed a a my of examining
each scenario presently used in the BUT, and to compile detailed information on
the inner workings of a BOHQ.

The Battlegroup Trainer Staff has been selected as the most qualified
available group of officers, who are able to provide insight into these staff and
command innerworkings. The staff of the two BaTs (both in UK and Germany)
represent a multi-arm perspective (Infantry, Armour, Artillery, etc) that over
several years has seen a variety of BGHQ go through these Trainer. These
officers, through their prior training and experience as BGT staff are uniquely
qualified to, as a whole, speak to the operational requirements of a battlegroup
under the variety of combat situations that can confront a unit. Thus by
examining the events/functions that can occur in the various scenarios used
in the two BOT's, it is possible to produce a listing by scenario of what the
total play of the problem could entail. Siilarly, by reformatting the data,
it is possible to extract every operational requirement for a given staff
position (e.g. CO, Operations, Intelligence, etc) and to start examining the
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potential training requirements for that staff position.

The method of working for the analysis involves joint activity by the
multi-arm team working chronologically through a battle group operation from
receipt of mission through appreciation, planning, preparation and execution
phases to completion of operation. The team uses the questions "What happens
next?" and "What happens if?" to produce the stimuli for BGHQ activity. Each
stimulus (input) will set in train a group of events to be actioned. The
team will use the proforma illustrated in Figure 2 (not to scale) to record
the activities produced.

SCENARIO SITUATION POSITIONAL DEENhCE SHET 13

INPUT ACTION FUNCTIONAL AREA EVENT DESCRIPTION

Anti tank Fire Support Co-ordinate the employment

BG Cord Orders fl. Cod (Anti tank) of JU Anti tk resources

DESIRED RESPONSE AS MEASURED BY REMARKS

1. Interpret COs guidance 1. Anti tank defences

2. Conduct Recce are integrated with
total plan of defence

3. Coordinates with Ops 2 . ......... etc

4. Develop plan

5. Coordinates/obtains
approval

6. Issues plan

7. Monitors compliance

FIGURE 2. THE OPERATIONAL PERSPECTIVE ANALYSIS PROFORMA

The input "BG Comd Orders" will also be the stimulus for other events in
the functional area of fire support and will involve action by the Battery Cord
and others. The functional analysis will extract all event descriptions with
a given label in the functional area column. Similarly the tasks of each
individual can be identified by sorting on the action column. As this column
will also record joint action the collective events will also be indentifiable.
These proformae and the consequent analyses will then form the basis for the
subsequent steps into critical combat behaviour and scenario analysis.

THE COMMANDING OFFICER'S PERSPECTIVE

This investigation is particularly concerned with the BG commander's
perception of how his BGHQ operates. It will be restricted to the activities
within the BGHQ and the relationships within it. The model used will be to
consider the BGHQ as an information processing/decision making organisation.

Previous investigations which have taken the information processing
approach have identified five categories of activities which organisations must
carry out in order to be successful. These categories are:
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a. Acquiring Information

b. Disemminating Information

c. Decision making

d. Disseminating Instructions and Orders

e. Monitoring compliance with orders

The key category is, of course, decision making. The activities in the other
categories are necessary to provide the information from which decision can be
made and thus ensure the execution of decisions made.

For this investigation the categories Acquiring Information and Monitoring
have been combined as activities resulting in information coming in to the BGHQ.
Similarly the activities of Disseminating Information and Disseminating Orders
have been combined as activities which result in information leaving the BGHQ.
The study is therefore concerned with the categorisation of BGHQ activities
into those which involve the following:

a. the receipt of Information

b. decision makLng/problem solving

a. the transmission of orders/instruotions/information

In order to produce information from which the realism of activities at BGT
can be assessed supplementary information will also be collected. For activities
categorised as involving the Receipt of Information the supplementary information
required concerns the channels through which the information is available to the
CO and the means used to acquire it. For Decision making activities further
details of the decision making process is required. Although all decision are
ultimately the responsibility of the CO there are degrees of involvement and
co-operation. The study is attempting to identify those decision making
activities which are the sole concern of the CO, those involving co-operation
between the CO and other members of the BDHQ and finally those delegated to a
member of the BGHQ. For those activities concerned with the Transmission of
Information/Orders the only supplementary information required is the means used
for transmission.

To assist in the collection of the information required a set of activities
has been identified. The sources used to compile this list were examples of
Regt/Bn SOPs, field manuals and reports on the evaluation of other training
systems.

The list of activities has been split into phases which cover initial
appreciation, battle preparation, combat, BG Security and special situations.
Some activities appear in more than one list in an attempt to reflect the
cyclic nature of much of the decision makLng/problem solving carried out in BGHQ.
The allocation to phases may be contentious, however, debate on this is not
at issue; the reasons for the subdivision is to reduce the fairly extensive list
to more easily handled sections.

The analysis will use a Delphi technique, the initial phase being to

interview experienced battle group commanders who have previously completed
the proforma illustrated in figure 3.
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Informat ion Informati on
" reeivedDecision maki ng t rnsmit tedi Areceived Notes

ACTIVITIES Appoint- Means CO only CO plus Delegated Means

4. Control ----
Deployment

4-1• Maintasin

Communi cationi
with BJ
elements

4.2 Inspect
preparations

4.3 .....

FITE 3. EXTRACT FROM CO's PERSPECTIVE DATA COLLECTION PROFOM4A

The proforma contained 81 activity statements. The interview will be used to
investigate the completeness of the activity list and to even out the activity
statements so that each activity will result in only one category. The responses
from COs will then be consolidated into an overall picture before being offered
back to the group. The process will continue until an acceptable activity list is
produced. The analysis will then continue to identify the individual and

collective activites which can be combined with the information from the operational
perspective analysis and the training perspective analysis.

THE TRAININ PERSPECTIVE

This investigation will concentrate on the individual appointments which are
established within the BGHQ (Ops Officer, Adjutant, Battery Commander, Intelligence

Officer etc) and on the training given to personnel who fill the appointments. The

study will consist primarily of a literature search which will involve parallel
studies of data from each of the training establishments involved in the training

of BGHQ personnel. The literature used will include:

a. job analysis data

b. course entry criteria
V. course training objectives

d. course progrems
e. on job training requirements etc

This data will be used to produce a "pen picture" of the personnel being trained
to fill each appointment. The pen picture will identify the backgroun experience,

including any relevant previous courses attended, the skills and knowledge trained

during the particular course attended and the related experience that the individual

is likely to 1ain between completion of the preparatory course and being involved

as a member of a BGHQ.
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The information collected from those parallel studies will be combined
to produce a composite picture of the skills and knowledge available to the
CO and will be used to cross reference the information gathered from the other
two perspectives described above.

EVALUATION

'The combined data from the multi-analytic study should provide information
which can be used to evaluate the existing BGT system. From the oplete list
of activities established it will be possible to categorise them into:

" a. Activities practiced in all exercises at the BDT

b. Activities practiced in some exercises at the BGT

c. Activities not practiced at the BOT

For those activities practiced in all exercises there will be further
information on the fidelity of the acivity and its criticallity. This information
can be used to assess the benefits of improving the way in which the system
facilitates these activities. L

For those activities practiced only in some of the exercises there will be
information on whether this is simply a function of that particular mission or
is an oversight. Again the criticallity of the activity wil be known and
recommendations can be made as to whether the activity should become common and
if so how it should be implemented.

Similarly the activities not practiced at the BGT can be assess in terms of
oriticallity. Ob iously those activities deemed to be critioal but not pratice
will have a large influence on the measure of the value of the DOT system. It
is believed that the multi-perspective approach will therefore provide a
sufficiently comprehensive model and set of decision criteria against which the
BOT system can be compared in order to make an evaluation of the system as an
effective and efficient training method. The study wil contims to a
compartive analysis range (vie a vie CPX and FTX) before makg reoendations
on the future utility of the system.
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Shortening of Defense Language
Aptitude Battery

John W. Thain
Education Specialist

Defense Language Institute
Foreign Language Center

The Defense Language Institute, Foreign Language Center (DLIFLC)
is the proponent for the Defense Language Aptitude Battery

* (DLAB), used in screening recruits for aptitude to learn foreign
languages. DLIFLC is attempting to shorten DLAB without decreas-
ing its reliability or validity. Item analysis data was used to
plan eleven possible shortening strategies with different number

* of items deleted from original test. One hundred sixty-four
answer sheets were rescored and recorrelated with a foreign lan-
guage course grade after items had been deleted according to
each strategy. Tests from another sample will also be rescored
and recorrelated with the criterion using each of the test
shortening strategies in order to cross-validate the original
results.
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SHORTENING OF THE DEFENSE LANGUAGE APTITUDE BATTERY

John W. Thain
Education Specialist

Defense Language Institute
Foreign Language Center

Background.

The Defense Language Aptitude Battery (DLAB) is administered to
determine if enlisted personnel should be programmed for language
training. Previous studies by the Defense Language Institute
Foreign Language Center (DLIFLC) have shown the correlation between
DLAB scores of students selected for language training and their
course grades in DLIFLC language courses to be consistently around
.40; if this correlation is corrected for restriction of range, it
rises to around .60. In recent years, only about 20% of the re-
cruits taking the test have achieved a passing score. The test
takes 90 minutes to administer and consists of 119 multiple-choice
test items.

The DLAB is administered at several locations; the most impor-
tant of which are the local Armed Forces Entrance and Examination
Station (AFEES) throughout the country, and Lackland Air Force Base
in San Antonio, Texas (for Air Force enlisted men). The-agencies
responsible for administering DLAB at those locations are also re-
sponsible for screening recruits for most of the other occupational
specialities in the Services. Largely on grounds of admi :istratlvt
convenience, these agencies favor any proposal that woul s.Aorten

* • the process of programming enlistees to their subsequent assignments.
In particular the AFEES have expressed interest in reducing the
current administration time of 90 minutes required to administer
DLAB. There are two specific reasons for this interest in shorten-
ing DLAB:

- A shorter test would contribute to the shortening of the
overall screening process and thus help avert the possibility that
the AFEES (Armed Forces Entrance and Examination Stations) would
have to pay the overnight expenses of recruits if the processing of
the recruits had to be extended an additional day.

- A minority of students taking DLAB pass the test. From the
point of view of test examinees, every minute spent by failing
examinees on DLAB is w-sted.

Of course, shortening a test tends to decrease test reliabili-
ty and validity. Using a less valid and reliable version of a test
will result in less effective screening of potential students and
lead to lower student performance and increased student attrition
at DLIFLC.
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Therefore, DLI designed a research study to determine whether
DLAB could be shortened without substantially reducing test
validity and reliability.

Procedure.

Two methods of shortening the test were considered - con-
densing redundant instructions or by deleting poorly functioning
test items. At the very start of the project we needed to
analyze in detail the factors contributing to length of test
administration.

The following table breaks down the time required to adminis-
ter DLAB. The total time required to administer each part of the
test and the test as a whole is given in minutes and seconds.
The average time required to administer each item in each part
is computed by dividing the time required to administer each part
by the number of items in that part. The total administration
time and the average per item administration time is broken into
two parts, that required by the test items themselves and that
taken up by instructions. Although items are numbered 1 through
126, only 119 items are scored; seven practice items are not
scored.

TABLE I

TIME REQUIRED TO ADMINISTER DLAB: TIME TAKEN
BY ITEM TYPE AND CORRESPONDING SET OF INSTRUCTIONS

TIME TAKEN BY
PART ITEMS INSTRUCTIONS BOTH

OF TEST NO. TOTAL PER ITEM TOTAL PER ITEM TOTAL PER ITE
TEST ITEMS ITEMS MIN SEC SEC MIN SEC SEC MIN SEC SEC

I 1-7 7 1 33 13.22 0 36 5.14 2 09 18.36

II 9-26 18 6 25 21.38 1 13 4.06 7 38 28.76

111-1 28-40 13 5 31 25.46 2 46 12.76 8 17 38.22

111-2 42-55 14 5 35 23.96 2 30 10.71 8 05 34.67

111-3 57-73 17 8 46 30.94 3 37 12.76 12 24 43.70

111-4 74.93 20 12 43 38.15 3 58 11.90 16 41 50.05

IV 97-126 30 (22 00) 44.00 (3 00) 6.00 25 00 50.00

TOTAL 1-126 119 62 29 31.50 17 44 8.94 90 13 40.44

ESTIMATED AVERAGE. THIS PART NOT MACHINE PACED.
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The Defense Language Aptitude Battery is a multiple-choice test
with four parts. The first three parts of the test are paced by
an audio tape. Part I is a self-report biographical inventory.
In Part II and Part III the examinee learns an artificial lan-
guage. In Part II the examinee discriminates stress patterns.
In Part III the examinee selects the correct translation in the
artificial language on the basis of grammatical rules provided
in the instructions. Part III has four subparts. In Part IV,
which the examinee is to complete in 25 minutes while working at
his own pace, the examinee matches pictures to phrases in an arti-
ficial language according to rules given in the instructions.

When the test was reviewed, it was found that no meaningful
savings would result if all four parts of the test were retained
in their present form. Of course, if a whole part or subpart of
the test were deleted, the instructions for that part could also
be deleted.

Table I shows that every item deleted from Part III and IV
will save more administration time than an item deleted from
Part I or II; the table also shows that deleting all of Part IV
or any subpart of Part III will save more administration time
than deleting all of Part I or Part II.

An item analysis was conducted on DLAB in order to rank-order
the items in terms of their overall contribution to test validity.

7. 164 answer sheets were included in the sample. Final course grade
at DLIFLC was used as a criterion. Item analysis data was used
along with the analysis of the time required for test administra-
tion mentioned earlier to decide which items to delete. Eleven
strategies for shortening the test were devised. The number of
items deleted from the test in the various strategies ranged from
four to sixty-seven items out of a total of 119 items on the orig-
inal test. The time saved in the various strategies ranged from
3 to 49 minutes out of the 90 minutes required for the original
test. The strategies that deleted more items either involved set-

*. ting the minimum item-criterion correlation higher on the one
hand, or deletion of whole parts of the test regardless of the
intercorrelations between individual items and the criterion on
the other hand. The tests were rescored according to each of the
eleven strategies with the corresponding items deleted, resulting
in a new distribution of test scores for each strategy. These new
distributions were recorrelated with the criterion. By using the
average time required to administer each type of item and the
time required for instructions when whole sections of the test were
deleted, the time required for test administration in each of the
eleven strategies was computed. The results are at Table 2.
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TABLE II

DLAB SHORTENING STRATEGIES -

ITEMS DELETED AND CORRESPONDINGLY
RECOMPUTED VALIDITY COEFFICIENTS

AND ADMINISTRATION TIMES

RECOMPUTED
CORRELATION RIMATION

ITEMS DELETED WITH CRITERION TIME

Original Test .366 90 min. 13 sec.

70,78,98,113 .390 87 min. 16 sec.

59,70,76,78,89,96,98,113 .396 84 min. 41 sec.

2,14,26,30,42,51,55,70,77, .452 81 min. 1 sec.

78,83,97,98,100,101,113,
114

70 - 89 .383 73 min. 32 sec.

2,14,26,30,40,42,51,55, .468 78 min. 4 sec.
70,77,78,83,85,97,98,100,
101,103,106,113,114

90 - 119 .347 65 min. 13 sec.

2,14,15,23,26,28,29,30 .480 59 min. 15 sec.
36,40,41,42,50,51,55,59,
63,70-89,96,97,98,100,101,
103,104,106,113,114

70 - 119 .353 48 min. 32 sec.

2,14,15,23,26,28,29,30 .4505 54 min. 11 sec.
36,40,41,42,50,51,55,59,63
70,76,77,78,80,83,85,89
90-119

2,14,15,23,26,28,29,30,36, .4225 41 min. 35 sec.
40,41,42,50,51,55,59,63,
70-119

The three most promising scenarios are compared at Table II.
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TABLE III

THREE SCENARIOS FOR REDUCING DLAB LENGTH

VALIDITY

Uncorrected for Corrected for
Scenario Time Range Range

Original 119 Items 90 min. 13 sec. .366 .555

72 Test Items 59 min. 15 sec. .480 .684

64 Test Items 53 min. 11 sec. .451 .650

52 Test Items 41 min. 35 sec. .423 .620

Since item analysis data was used to decide which items to
eliminate there is a high probability that some sampling error is
involved. Our next step is to gather a large sample of approxi-
mately 350 answer sheets and crossvalidate our initial results.
If the same shortening strategies yield the same results, we will
feel justified in shortening the test.

Since DLIFLC receives the coipleted answer sheets of students
from the AFEES and Lackland Air Force Base, and the final course
grade of all past DLIFLC students are also available to us as
criterion measures, there is no need for DLIFLC to conduct addi-
tional test administration or wait for a long period of time to
collect criterion data when drawing a crossvalidation sample.
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MODELS OF HUMAN INFORMATION PROCESSING: IMPLICATIONS FOR TRAINER/SIMULATOR DESIGN

Spencer C. Thomason, Ph.D.
Essex Corporation

White Sands Missile Range, NM

Many studies have investigated the relationship between the fidelity of
simulators and other training devices and the transfer of training they effect.
Most of these have found that the greater the fidelity, the more positive
transfer of training which occurs. There are, however, many problems with the
measurement of transfer of training, and predicting it is well-nigh impossible.
Therefore, the most common approach to the design of trainers and simulators
has been to incorporate .as much fidelity as is economically feasible into the
device. This approach often results in low cost/training effectiveness, com-
pared with other possible configurations. The reason for this is the
diminishing returns on training effectiveness and, in some cases, even
reductions in the transfer of training in the high-fidelity region of the
transfer curve. Recent research in human information processing mechanisms
and cognitive structures is discussed in terms of implications for designing
training devices and maximizing their cost-effectiveness.

INTRODUCTION

For those of you who may not be familiar with human information proces-
sing as a field of study, a brief description. As-the name implies, it is

* concerned with how the human brain handles information, makes decisions based
* upon that information, and chooses or creates appropriate responses. As a

basis for theorizing, the human brain is considered as a "black box" contain-
ing an unknown type of computer, and the object is to determine the architec-
ture, processing capabilities, and other characteristics of that computer.
This is done by observing the effects of inputing information of specific
types and formats upon the output. This is a lot easier said than done.

This area of study actually began when Shannon and Weaver first described
how to quantify information in 1949. The major impetus in the field, however,
has been the development of the high-speed digital computer. The computer has
given us many concepts in the area of information processing and handling
which just did not exist before. It has also given us great flexibility in
conducting experiements and in evaluating models of the human information
processor through simulation. Considering the relative youth of the field and
the complexity of the human brain, it is not surprising, however, that very little
is actually known about that black box in people's heads.

At the present time, there are several major theories and models in
existence, each of which fits the available empirical evidence pretty well and
each of which is espoused by several well-known researchers in the field. In
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earlier years, the wide disparity between different models of human information
processing has discouraged training system designers from using them as a basis
for training system design, due to the uncertain validity of any particular
model. In more recent years, although the number of differing theories has not
been significantly reduced (and in fact may actually have increased), the
disparity between them has been reduced significantly. This reduction is
primarily due to the existence now of a well-established body of empirical
findings, which all of the models must account for.

The purpose of this paper is to present an overview of some of the more
significant findings in the field and describe their implications for the design
of training, specifically as applied to trainers and simulators.

MODELS OF HUMAN INFORMATION PROCESSING

At this point, I should confess that, since I myself have done research
in this field, I have certain prejudices toward particular models of human
information processing. As a resblt, the orientation of this paper is based
upon a certain class of human information processing models known as "dual-
process models." The dual-process hypothesis postulates that human thinking
is the result of two different types of information processing which are
combined in various ways. Briefly, these are:

1. Controlled processing, which is under the conscious direction
of the observer. This type of processing is generally assumed to
be a sequential type of processing which is similar to that of
a digital computer. It has certain limitations of capacity and, as
the processing required becomes more complex, the longer it takes.

2. Automatic processing, which occurs automatically and is
not necessarily under the control of the observer. This type
of processing is generally thought to be parallel in nature (i.e.,
occurring "all at once") and is often equated with the type of
processing-characteristic of analog computers. This type of
processing does not seem to have the same resource limitations
as controlled processing and processing time is independent of
complexity.

There are various models within this class, but the differences are irrelevant
to the present discussion.

There is also another class, called "single-process models," which
generally holds that only the first type of processing--controlled processing--
exists. This class accounts for the phenomona attributed by the dual-
process models to automatic, parallel processing as being the result of
extremely fast serial controlled processing. Although the existence of these
two classes is the source of a major dispute in the field, the preponderance
of evidence presently seems to favor dual-process models (Thomason, 1981).
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LEARNING IN THE DUAL-PROCESS MODEL

The following discussion is based primarily upon a very detailed and
well-supported dual-process model described by Schneider & Shiffrin (1977)
and Shiffrin & Schneider (1977). The example used is the acquisition of
a written alphabetic language.

The first step in acquiring a written alphabetic language is of course
to learn to form and recognize the letters of the alphabet. The letters
are at first perceived as being composed of various combinations of straight
and curved lines. In the beginning, a child will examine a written letter,
determine the line combination used, compare it mentally with those of the
various letters until a match is obtained, and then name it. This involves
the use of serial controlled processing. The child will eventually begin
to recognize the letter without having to consciously analyze its structure.
In the dual-process models, this is interpreted as being due to the
establishment of an automatic process which makes all comparisons at once
and outputs the name of the letter.

As learning progresses, the child will learn the sounds associated
with each letter. When confronted with a word, the child will sound it out,
letter-by-letter, then put the sounds together to obtain the word. Eventually,
automatic processes are established which "recognize" familiar words without
sounding them out. As the child becomes more and more familiar with the
rules of spelling and pronunciation, more generalized automatic processes
are gradually established which can apply these learned rules to establish
a pronunciation even of unfamiliar words. These processes are applied
without apparent conscious effort.

In due course higher and higher levels of automatic processes are
established which can treat common phrases and even sentences as whole
units. Practice in speed reading evidently takes advantage of and strengthens
these processes.

In the end, these automatic processes may be visualized as a large
network of filters. Each of the filters represents a well-learned concept
or rule. The stimulus information is processed through this filter
network and the output is used as the basis of response. To build up the
network, the concepts must be learned and the appropriate links must be
established between them.

Some of the linkages between nodes in the network may represent
controlled processing, in which case the use of that link represents
additional processing time. With extensive practice, that link may become
an automatic process, indicating that the nodes connected by it have been
combined into a higher-level concept or node. As more and more of the
linkages become automatic, the overall network processing rate increases,
leading to faster task performance and/or fewer errors in performance.
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Several researchers have demonstrated the existence of such network-
like structures in information processing. Briggs, Thomason, & Hagman
(19781 found evidence for a decision tree, with parallel processing
(pattern recognition) taking place at the branch points and serial
processing occurring (reduction of uncertainty) along the branches, in a
letter classification task. They also found that the structure of the
tree changed as the probability of a target changed.

Smith (1980), found tree-like networks of technical concepts among
radio and television repairpersons. He also found that those repairpersons
who could perform a greater variety of repair tasks including novel,
unusual, or complex ones had a much different concept structure than those
who could not.

Schvanaveldt (1981), in a study particularly applicable to the present
topic, found such concept structures among undergraduate fighter pilots,
instructor pilots, Air National Guard pilots, and instructor weapon
systems officers. Not only were there significant differences among the
structures of these four groups, with the greatest differences being
between those of the students and each of the other three groups, but he
found that he could reliably classify the pilot population into the four
groups based upon the structures alone.

In view of the above model of human information processing, the role
of training of all types can be seen as a method of building a structure
of knowledge pertinent to the skill being trained. In order to be
maximally effective, the most efficient network of ccncepts and connecting
links must be established by the training. If the network established by
a course of training, including trainers and simulators, is identical to
the network used by a skilled operator using operational equipment, then the
training has accomplished its purpose.

In a training course, the classroom instruction will provide the concepts
which establish the nodal points of the processing network, and it may
present some minor connecting links. It is through practice of the skill
itself, however, that most links are established and strengthened until
they become automatic, thereby increasing the processing efficiency of the
network. This practice is accomplished by using the operational equipment
and in some cases, devices such as trainers and simulators.

TRAINER/SIMULATOR FIDELITY AND TRANSFER OF TRAINING

One of the major difficulties with the design of trainers and
simulators is determining how much fidelity is required in order to
makimize transfer of training. This is because at present there are no
reliable methods for predicting the transfer of training a given device
will effect. Because of the general findings indicating that the greater
the fidelity of the trainer or simulator, the greater the transfer of
training to operational equipment which occurs, the approach generally
adopted is to incorporate as much fidelity as is economically feasible into
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the devices. It is quite possible, however, that this approach can lead to
spending more money for increased fidelity, but with a resulting decrement
in transfer of training. This is illustrated in Figure 1. As the fidelity
of simulation increases, cost goes up at an accelerated rate. However
transfer increases at a negatively accelerated rate and, at the high end of
the fidelity scale, actually begins decreasing rapidly. This rapid decay
in transfer as the cost of fidelity becomes extremely high reflects the
empirical finding that increasingly complex military systems, because of
their unreliability shown in Figure 2, become virtually impossible to
maintain and use effectively.

Even when unreliability of the simulator equipment is not a problem,
it is still possible to have greater transfer with less fidelity. A
concrete example of this is found in a study (Caro, 1973) of the effective-
ness of the Army's Synthetic Flight Training System (SFTS), also known as
the 2-B-24 Link trainer. In this program, 43 hours in the SFTS replaced
53.5 out of 60 hours previously required on the operational equipment
(TH-13T and UH-l-H helicopters) and 26 hours previously given in modified
1-CA-1 Link trainers. If one considers the operational equipment as a
simulator with 100% fidelity, then the SFTS, with less than 100% fidelity,
has greater transfer with less fidelity. The reason for this is that the
complexity of the skills required to operate the operational equipment
(and some complex trainers) may be so great as to actively interfere with
learning. It is similar to asking a beginning piano student to learn by
playing Mozart rather than by working up from simple scales and chords
to more complex pieces.

In order to obtain the most transfer of training for the money spent,
the objective of the designer should be to stay within the limits of the
"honey region" shown in Figure 1, where there is a large amount of transfer
of training for a relatively small investment. The human information
processing model can aid the designer in achieving this goal.

SOME IMPLICATIONS FOR TRAINER/SIMULATOR DESIGN

The most important implication the information processing model has

for training systems in general is that the difference between the typical

knowledge/processing structure of the incoming student and that of
successful skilled operators is a key to designing an effective training
system.

There are several techniques available for analyzing these structures,
and each can be useful in different, often complementary ways. For
example, a hierarchical clustering analysis of the structure of skilled
personnel will give the designer a good idea of the way a course should be
structured. The hierarchical structure yielded by such an analysis would
correlate with a logical progression of concept formation which the training
system should develop in the student.
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Another mathematical procedure known as Multi-Dimensional Scaling (MDS)

can determine the different aspects of the concepts which skilled personnel
use to differentiate between them. An effective training system should teach
the students to perceive the skill being taught in terms of these conceptual
"dimensions."

The network analysis which Schvanaveldt (1981) used in his study will
*: give the overall knowledge structures, complete with linkages and relative

link distances. By examining the structure of skilled personnel, certain
"clusters" of tightly linked concepts will probably be detected. Such
clusters might advantageously be trained as a unit; on a part-task
trainer, for example. The length of the links connecting the concepts in
the structure is also a clue to the importance of that link in efficient
task performance. The shorter the link, the more important it is. This fact
can be a help when making tradeoff decisions.

As an example of how such analyses could be used in flight training,
the concept "descending'turn" might be clustered with, and tightly linked to,
the concept "landing approach," which is a higher-level concept, as shown
by hierarchical cluster analysis. This would indicate that it would be
advantageous to train the student to make descending turns within the general
context of landing approach training, rather than as an exercise in itself.
The advantage of the contextual approach is that it not only teaches the
concept and skill of descending turns, but at the same time establishes
and reinforces the link which relates it to landing approaches.

Another use of the network analysis is that, by analyzing the knowledge/
processing structures of individual students, it may be possible to predict
their success. Some indications of this were found by Schvanaveldt (1981)
and are currently being investigated. Such individual analyses could also
help establish a basis for individualized instruction.

The analysis of knowledge/processing networks can also be a useful
diagnostic tool. For example, if a training system (or trainer/simulator)
is less or more successful than expected, an analysis of the changes in
the knowledge/processing structure it generates should give an indication
where the problem lies. For example, an analysis may show that the
knowledge/processing structure of the student after training is the same
as that desired, except for the absence of a short (important) link. The
training system can be modified to establish and reinforce that link.

It should be pointed out here that the existence of non-essential links
in a knowledge/processing structure can be just as detrimental to the
overall structure and as important to the training system design as a missing
one. One characteristic of automatic processing in the dual-process model
is that, once established, it is difficult to suppress (Schneider & Shiffrin,
1977; Shifffin & Schneider, 1977). Practice must be expended to eliminate
the link. Since irrelevant links essentially contribute false information
to the network and represent a possible requirement for additional network
processing time and capacity, their existence can contribute to increases
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in time and errors in performance of the skill. It is therefore important
that any training system adopted contribute a minimum of irrelevant links,
since they may later have to be removed in order to attain peak skill levels
and in the meantime may reduce the transfer of training effect.

In conclusion, approaching the design of trainers, simulators, and
training systems in general from the standpoint of the current models of
human information processing can provide the designer with several relatively
powerful analytical tools. These tools can supplement, and may possibly
even supplant, traditional approaches such as task analysis. In contrast
to task analysis, which if properly done will give an accurate picture of the
task structure as related to the equipment function, the information
processing approach, through knowledge/processing network analysis, can
delineate the structure of the skill required for successful task performance
as it exists in experienced and qualified personnel.

4
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TUBBS, John D.; DEASON, Paul J.; EVERETT, James E.; and HANSEN, Alan D.;

USATRASANA, White Sands Missile Range, New Mexico

CHAPARRAL TRAINING SUBSYSTEM EFFECTIVENESS ANALYSIS (TSEA)

This is the fourth in a succession of training studies conducted
for the USA Air Defense School by USATRADOC Systems Analysis Activity,
WSMR, NM. The REDEYE Man Portable Air Defense System (MANPADS) training
was studied initially (1977) in a Weapon Systems Training Effectiveness
Analysis (WSTEA). The REDEYE training was studied more extensively as
a part of the Army Training Study (ARTS - 1978). The VULCAN Training
Subsystem was evaluated in 1979, and the current CHAPARRAL study
conducted in 1980. Other studies are currently being conducted or
planned as a part of the on-going effort to evaluate training for all
of the fielded air defense systems.

The CHAPARRAL system is a part of the Short Range Air Defense
(SHORAD) group of weapons. It consists of the M48 guided missile system
which is launched from a full-tracked carrier (M730). Both basic
MIM-72A and improved MIM-72C missiles are used. The weapon system is
normally manned by a 5-man crew, but more than half of the crew drills
conducted for this study were performed by 4-man crews due to shortage
of personnel.

This study evaluated 25 CHAPARRAL batteries from both CONUS and
OCONUS locations. A total of 1076 individual crewmen were surveyed and
tested. Over 150 crews were evaluated in selected crew drills.
Significant differences were found between the performance level of
CONUS and OCONUS units. The OCONUS units demonstrated higher
proficiency in both individual and crew skills.

1
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CHAPARRAL TRAINING SUBSYSTEM EFFECTIVENESS ANALYSIS (TSEA)

JOHN D. TUBBS
1.0 INTRODUCTION USA TRADOC SYSTEMS ANALYSIS ACTIVITY

WSMR M 88002
1.1 PURPOSE

This report presents the results of the CHAPARRAL Training Subsystem
Effectiveness Analysis. This TSEA was conducted to support the on-going
program of training evaluation and improvement as directed by the US Amy Air
Defense School, Fort Bliss, Texas.

1.2 BACKGROUND

a. The CHAPARRAL system is a member of the family of Short Range Air
Defense weapons whose purpose is primarily to provide close-in air defense to
ground combat units, combat support units, and installations.

b. Several training studies have addressed the CHAPARRAL system in the
recent past. These studies include the CHAPARRAL Weapons Systems Training
Effectiveness Analysis (WSTEA), and the CHAPARRAL Initial Screening Training
Effectiveness Analysis (ISTEA). These reports identified numerous problems
with CHAPARRAL training in Advanced Individual Training (AIT) and in the
units. These studies, while arriving at valid useful conclusions, did not
address the overall proficiency of CHAPARRAL crewmen in AIT and in the units.

1.3 PROBLEM

The results of the CHAPARRAL WSTEA conducted by Litton-Mellonics, and the
CHAPARRAL ISTEA conducted by TRASANA indicate that the typical CHAPARRAL system
is not performing to its full design effectiveness as perceived by the Air
Defense Artillery (ADA) community. The results of these studies indicated
that the training subsystem contributes to this shortfall. In addition,
personnel management problems and the reliability, availability, and maintain-
ability-characteristics of equipment currently in tactical units also
contribute to the system effectiveness shortfall. A TSEA is needed to clearly
document the shortfalls, as well as to attempt to identify the causes and
suggest means to remedy the shortfalls.

1.4 IMPACT OF PROBLEM

The capability and proficiency of the soldiers associated with the
CHAPARRAL directly affect the survival as well as the performance of protected
elements. The current and the expected proficiency (performance) levels of
CHAPARRAL crewmen must be assessed so that any shortfalls in actual perfor-
mance can be corrected. Should identified problems not be amenable to
solution through training subsystem or hardware modifications, current
expectations of system performance should be re-evaluated.

1.5 OBJECTIVES

The objectives of the CHAPARRAL TSEA were:

a. To determine whether shortfalls exist in the training of Soldier's
Manual (SM) tasks in the institution and unit and propose solutions for any
shortfalls found.
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b. To determine individual and crew proficiency and its relationship to
design effectiveness.

c. To determine the effect of crew proficiency on combat effectiveness.

d. To determine the current CHAPARRAL soldier capability and its
relationship to soldier proficiency.

e. To determine the impact of the Improved CHAPARRAL on training support
requirements.

1.6 SCOPE

This study considered the current level of proficiency of Military
Occupational Specialty (MOS) 16P Short Range Air Defense Artillery missile
CHAPARRAL crewmen. The proficiency of CHAPARRAL crewmen is related to two

* main factors: institutional and unit training.

1.6.1 Institutional Training

a. The MOS 16P One Station Unit Training (OSUT) program is designed to
qualify the individual in basic soldier skills and a few selected
CHAPARRAL-related tasks. The soldier is also familiarized with all other of
the skill level 1 CHAPARRAL system-related tasks. The final phase of OSUT
corresponds to AIT under 2-Station Unit Training.

b. Graduates from the final phase of OSUT were tested to determine
whether deficiencies existed in terms of meeting the minimum requirements for
the MOS 16P. The analysis presented in this report assesses the proficiency
of CHAPARRAL crewmen who completed OSUT during May - June 1980.

c. The parameters used to evaluate 16P OSUT graduates included visual
aircraft recognition (VACR), hands-on proficiency, general aptitude, attitude,
and system skills/knowledge. The survey and test instruments were constructed
and administered to determine the capabilities of CHAPARRAL craemen at the
completion of OSUT.

1.6.2 Unit Training

a. Unit training is a combination of self-training and on-the-job
training (OJT) with the CHAPARRAL squad, as well as scheduled collective
training. At the unit, the 16P soldier is trained so that he can qualify in
all SM tasks at his particular skill level.

b. This study utilized a broad base of survey and performance data from
12 ADA battalions and from those CHAPARRAL cremen present-for-duty in each
battalion. The test data was examined to determine if there were substantial
differences between units. Although performance data are reported by unit,
this report deals mainly with the overall proficiency of a typical CHAPARRAL
crew.

c. The parameters used to evaluate 16P soldiers in the units included
similar surveys and test instruments as those used for the OSUT evaluation.
CHAPARRAL crew drill proficiency vs also determined by additional hands-on
testing.
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d. Squad reaction times for target engagements were measured. These
reaction times were compared with a simulation of engagements for various
threats to demonstrate the effect of reaction time on combat effectiveness.

2.0 INSTITUTIONAL TRAINING

2.1 INTRODUCTION

The purpose of this section is to report the results of the evaluation of
institutional training for MOS 16P CHAPARRAL missile crewmen students. This
section presents the data collection methodology and the analysis of these
data.

2.2 APPROACH

a. Training effectiveness was assessed by determining individual
proficiency at the completion of OSUT. Specific task proficiencies were

: determined in relation to USAADS' requirements for task qualification and
course completion.

b. The level of individual proficiency at completion of OSUT was
determined by the adininstration of specially prepared or selected tests. A
VACR test was constructed from GOAR kit slides and administered in the same
way as the Skill Qualification Test (SQT). A skills and knowledge test was
formed by selecting questions from several written tests used during past SQTs
and other sources. Each question covered a specific task so the test results
could be used as an individual measure of knowledge for tasks or task groups
within skill level 1. Particular attention was given to the knowledge of the
CHAPARRAL-related tasks in which the OSUT student was to be qualified at the
time of graduation.

c. Personnel data for the soldiers tested were obtained from the
MILPERCEN files. This information was used to determine if Armed Services
Vocational Aptitude Battery (ASVAB) scores could be used as performance

*( predictors.

2.3 ONE STATION UNIT TRAINING (OSUT) TESTING

2.3.1 Discussion

OSUT at USAADS was a 13-week course for soldiers entering the Army. The
emphasis at the first 6 weeks is basic combat training (BCT) and the emphasis
of the final 7 weeks was on MOS training. d

a. During the BCT phase, the new soldier is expected to learn the basic
skills of soldiering. Examples of subject matter taught in BCT are: health
and welfare, marksmanship, physical fitness, and military justice.

b. The students will normally receive approximately 180 hours of MOS
instruction. Audio-visual aids (TEC tapes, synchronized slides, and VACR)
account for 52% of a soldier's time in MOS training. Hands-on training
accounts for only 22% of MOS instruction. The balance of the student's time
consists of examinations, administration, in- and out-processing, and
observation of CHAPARRAL range firings.
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c. A short range ADA missile crewman must qualify in 55 critical tasks
for CHAPARRAL and six critical tasks for REDEYE to be fully proficient in his
MOS at skill level 1. This study examined 15 of the 55 tasks by either
written or hands-on tests. A soldier is said to be qualified at a task when
he has received sufficient training to perform the task in its entirety and
his ability has been tested. He is said to be familiarized with a task when
he has received some training on the task, but he may not be able to fully
perform the task without additional training.- The CHAPARRAL crewman is
required to qualify in 20 of the 55 CHAPARRAL critical tasks at the completion
of OSUT in order to be awarded the MOS 16P. The MOS 16P OSUT graduate needs
to be familiarized with the remainder and then must work or study to qualify

m during his unit assignment.

*. 2.3.2 Methodology

a. Students from three 16P classes, who were graduating in the late
spring, 1980, were tested during their final week of OSUT. The test consisted
of a VACR test, a written test, and hands-on proficiency tests.

(1) The VACR test consisted of two views of each aircraft projected one
at a time on a screen in a classroom. There were 30 two-view sets presented
so that, for each set, there was a 5-second showing of the first slide, 5
seconds for the second slide, then 10 seconds for the student to write his
answer on a form provided. A correct answer consisted of the aircraft's
alpha-numeric designator (MIG 25) or NATO name (FOXBAT). There were 25
different aircraft. Five aircraft were presented a second time using
different slides.

(2) The written tests, administered in a classroom setting, required
approximately 2 hours. These tests assessed: the student's attitudes and
opinions regarding the instruction.received; his perceived competence; his
reading and mathematics ability level (using the screening pretest for the
Adult Basic Learning Examination - called the SelectABLE); his knowledge of
basic soldiering and CHAPARRAL specific items measured by a 61-question skills
and knowl edge test and a 6-question map test.

(3) Two hands-on tests were given. The first test was to measure how
well the students could perform the following subtasks: preenergize,
energize, and deenergize the CHAPARRAL launch station. The second test
required the students to locate and indicate the proper procedures to perform
six preventive maintenance (PM) checks of the CHAPARRAL carrier's fuel,
coolant, and lubricant systems.

(4) One hundred and eight OSUT students were given the written tests and
92 took the hands-on tests. Total test duration was approximately 8 hours,
spread over 2 days during the students' final week of training.

b. Background information was also collected from the OSUT students.

The students' ASVAB scores were obtained from MILPERCEN to investigate the
relationship of aptitude factors and performance.

c. Information pertaining to the CHAPARRAL mechanics course (OS 24W)
was collected by interviews with the instructors. Additional information was
obtained from the Air Defense Accessions Training Effectiveness Analysis
(ATEA) reported in TRASANA Technical Report No. TEA 7-81, Mar 81.
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2.4 ANALYSIS

The analysis of data obtained from written and hands-on testing was used
to determine the level of individual proficiency at Completion of OSUT.
Special attention was directed to proficiency in VACR and results of the
skills and knowledge test. Hands-on proficiency in energizing and
deenergizing the launch station and performing PM checks and services on the
carrier were also analyzed. The results for all students are presented
together since there were no significant differences in performance mong the
three classes.

2.4.1 Visual Aircraft Recognition Test

a. VACR is one of the CHAPARRAL-related tasks in which the student
is required to be qualified at the time of graduation. A score of 90% correct
is required for qualification.

b. The VACR test was graded for correct identification by either the
alpha-numeric designator or NATO name. However, those aircraft that were
Incorrectly identified were categorized as to the degree or type of error as
follows:

* Omission - could not identify

* Wrong - friendly identified as hostile

* Wrong - hostile identified as friendly

* Wrong - but no confusion as to whether hostile or friendly

c. All of the 25 aircraft included in the test had been taught as a part
of the VACR instruction.

d. The VACR test results for each scoring category are shown in table 2-1.

TABLE 2-1. MEAN OSUT VACR RESULTS (N-106 STUDENTS)

ERROR CATEGORY I

FRIENDLY HOSTILE NO CONFUSION I
CORRECT OMITTED IDENTIFIED IDENTIFIED HOSTILE OR I

I () I () I HOSTILE ( I FRIENDLY () I FRIENDLY () I
rI

54.0 14.4 5.0 6.0 20.6

e. The VACR proficiency of 16P students was well below the 90% required
for qualification in all cases. The test was administered approximately 5 weeks
following their block of instruction. The scores ranged from a high of 731
correct(three students) to zero correct (one student). If the mean score of
54% correct is combined with the 20.61 which were not confused as to the hostile
or friendly category, satisfactory proficiency is still not met.
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2.4.2 Skills and Knowledge Test

a. The skills and knowledge test presented 61 questions and was
identical to the test given to the soldiers in the units. Since all skill
levels wire tested in the units, only 46 of the questions covered skill
level 1 tasks. These were used to assess the knowl edge of 0SUT students.
Thirteen of the 46 questions related to four tasks in which graduates were to
be qualified at copletion of 0SUT. The rmaining 33 questions related to 10
tasks with which students were only expected to be familiarized.

b. All 0SUT students are required to perfom at or above a 70% level of
proficiency on qualified critical tasks prior to graduation. The results of
the test are shown in table 2-2 for the 46 questions covering four "qualified"
and 10 "fmiliarized" tasks. The mean correct score for the 13 "qualified"
task questions was 55%. Eleven out of 108 students answered 70% or more of
the "qualified' task questions correctly. The mean correct score for the 33
"fmiliarzed" task questions was 351. As expected, the students scored
better on the tasks in which they were to be qualified, but scores were too
low to be acceptable as dmonstrating qualification.

TABLE 2-2. OSJT SKILLS AND KNOWLEDGE TEST RESULTS

i IT T I i I
I I NO. 0f I NO. 0F I I PHASEI

I I I STUDENTS I STUDENTS I STUDENT I WEREI
ITAKI TASK I NO. 0F IPASSING ALL I FAILING ALL I PERFOWNICE I TASK ISI

I TASK TITLE I NO. I TYPEI* QUESTIONSI QUESTIONS I QUESTIONS I EAN (S) I TAJHTI

I I I I I I I
IFirst Aid 11001 1Q 1 3 1 19 1 5 1 60 1BCT

l-I6 Arcraft
Engamgmaint 1020 1Q 1 1 1 19 1 89 16 I BCT I

Zeroing a
N.6A Rfle 11030 1 1 1 67 1 41 1 62 1UCT I

Energize/ I I IIIII
I Deergtze1 1042 Q 1 8 1 0 1 0 1 s NOS I

NBC Hazards 10101 F1 2 32 i15 I s I BCT I

Operate [
Telephones 1022 F 1 I 61 1 47 1 57 1BCT/mDSI

Proper RTO I I I
iCam 110231 F1 4 1 1 1 10 1 39 ICT/IOSI

Operate TAD0S 10371 F 1 3 1 0 32 1 16 1NOS I

Observer
I Procedures1 104 F I 1 25 83 1 23 1NS

P4 Carrier I
I Checks 110441 F1 3 I 4 5 1 41 14S I

"ItsftrII
I angftre 11048 F 2 so 21 1 64 1OS I

IMissitle Uploadl 10511 F 1 4 2 1 12 1 39 1 CS I

Crm rill 110491 F 2 1 20 32 48 1OS I

Target
Engagment I00 1F 1 11 1 0 2 30 tOS I

'0 - Qualified
F - Faitliarized
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2.4.3 Hands-On Tests

OSUT graduates were given two hands-on performance tests. The first
hands-on performance test was to preenergize, energize, and deenergize the
CHAPARRAL launch station, which is a "qualified" task. The second test was to
perfom the fluid level checks on the CHAPARRAL carrier, which is a
Ufmi1 iarized" task.

a. Of the 92 students who were administered the first test, 20 received
a GO in all three subtasks (preenergizing, energizing, deenergizing) and 29
students failed all three subtasks. Table 2-3 shows the results for each of
the three subtasks. Fifty-three percent of the students could properly
preenergize the CHAPARRAL launch station, and only 37% could either energize
or deenergize the system.

TABLE 2-3. OSUT HANDS-ON TEST RESULTS OF THE
CHAPARRAL LAUNCH STATION (N-92)

I NO. OF STUDENTS I NO. OF STUDENTS I % I
I SUBTAS I PASSING I FAILING I PASSINGI_ _ _ _I _ _ _ __I _ _ _ _ _ I _ _

Preenergize 49 43 53
(12 steps)

Energize 34 8 37
(20 steps)

Deenergize 34 58 37
(15 steps)
I ( stp ) I I II

All Subtasks I 20 I 29 I 22 1m___ m _ _ _ _ I _ _ _-

b. Seventy-five students were asked to make five checks: three oil
level checks, one fuel check, and one coolant level check. Table 2-4 shows
the results for the 75 who were evaluated for actually performing the checks.
Seven of the 75 students did not know how to perfom any of the fluid checks.
Eighteen students knew where to perform all of the five checks, but no one
successfully completed =TT"3 how-to steps.

TABLE 2-4. KNIW HOW TO PERFOMI FLUID CHECKS - OSUT (N=75)

II I I
I NO. OF STUOENTS I NO. OF STDENTS I I

SUBTAK I PASSING I FAILING I PASSING I
l~gn~l I I I I

Engi n Oil
(1 step) 49 26 65 I

Engine Coolant
I U Step) I 52 1 23 69

I Differential Oil
(2 Steps) 27 48 36 1

Trartntsson Oil
(I Steps) I 3 1 72 4

Fuel
(3 Steps) 10 66 13 1

IAll Subtasks 0 7 0
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3.0 UNIT TRAINING

3.1 INTRODUCTION

The purpose of this section is to report the results of the evaluation of
unit training for MOS 1P CHAPARRAL missile crewmen. This section presents
the data collection methodology and the analysis of this data for the units
visited.

3.2 APPROACH

a. The training effectiveness addressed in this chapter was assessed in
terms of both individual and crew proficiencies. The current levels of
individual and crew proficiency in the unit were determined by the results of
written and hands-on tests. The test standards or performance requirements
were established by USAADS or developed jointly by USAADS and USATRASANA when
standards did not exist.

b. The hands-on tests were selected crew drills described in FM 44-4.
The grading criteria for the drills were also developed Jointly by USAADS and
USATRASANA. The criteria provided both a basis for pass/fail determination
and a quantitative measure of performance. All the crew drills were timed,
including squad reaction times for target engagement. These reaction times
were compared with a simulation of engagements for various threats to
demonstrate the effect of reaction time on combat effectiveness.

c. Information was obtained from both crewmen and trainers by a survey
of the type of training aids used, their frequency of use, and their
considered effectiveness. This information provided a measure of the type and
level of training of each individual unit visited.

d. Personnel data for the tested soldiers were obtained from MILPERCEN
files. This information was used to determine the relationship between the
various performance data and ASVAB scores and derive predictors of performance,
if applicable.

3.3 SOLDIER TESTING

3.3.1 Discussion

Unit training for CHAPARRAL is intended to build on the individual basic
skills and knowledge acquired during institutional training. In addition, it
is required to develop crew skills so individual responsibilities are carried
out competently and efficiently in a team effort. The squad must be trained
to function as would be required in combat either as a single defensive unit
or as a part of a platoon supporting a maneuver unit. It is the responsibil-
ity of the unit to provide the on-the-job training so soldiers can qualify in
all the SM tasks. Every soldier is then expected to reinforce his training
with the self-help material available. There is also additional reinforcement
of institutional training through the Non-Commissioned Officer Education
System (NCOES). Unit training is structured toward meeting the individual
requirements of the SQT and the collective requirements of the Army Training
and Evaluation Program (ARTEP). The SQT is required for every soldier in
grade E-4 or higher as a part of career development. The ARTEP is used to
evaluate the mission capability of various sized units.
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- 3.3.2 Methodology

Twelve C/V battalions were tested on a schedule which permitted one
week to test each battalion. Six battalions were in CONUS, five in USAREUR,
and one in Hawaii (the USAREUR and Hawaiian battalions are designated OCONUS
in this report). It was requested that all MOS 16P CHAPARRAL personnel who
were assigned to squads be made available during the testing period for both
written and equipment hands-on testing. Four CHAPARRAL M-48 systems were to
be provided for the hands-on tests at each site. A total of 1076 CHAPARRAL
crewmen were tested.

a. Written tests were administered to obtain measures of individual
proficiency in VACR, knowledge of critical tasks, and an indication of reading
grade level (RGL) with the SelectABLE test. Information on soldier back-
grounds, attitudes, and training methods and aids used in training were
obtained by a written survey. ASVAB scores and other selected data were
obtained from the MILPERCEN files.

b. Crew testing was accomplished to obtain measures of crew proficiency
in three drills. The missile upload, prepare-for-action, and target
engagement crew drills were conducted and graded by detailed standards.

3.4 ANALYSIS

a. The data obtained during the written and handS-on testing were used
to assess the overall proficiency of the CHAPARRAL crews. Early in the
analysis, it was noted that the proficiency levels of OCONUS units were
consistently higher than COMUS units. Therefore, most of the results of the

- data are presented in the two major groups of OCONUS and CONUS.

b. Since a number of ADA battalions were surveyed and tested, this
report also addresses how well each unit performed in comparison to all other
units. To this end, most of the figures which include the results of the
written and hands-on tests indicate the results by individual unit.
Identification of each battalion included in this study is by a randomly
assigned number (known to the battalion) preceded by the letter designator for
OCONUS (0) or CONUS (C). The battery is identified by the corresponding
battery letter in the third place. Thus, 05C would indicate an OCONUS unit,
5th battalion, and 'C" battery, and C3D would indicate a CONUS unit, 3d
battalion, and 0" battery. The purpose for this means of identification is
to maintain anorgaity of the units to the general reader, but to permit the
units tested to identify their respective performance within the report.

3.4.1 Visual Aircraft Recognition (VACR) Test

a. The VACR test was graded for correct identification by either the
alpha-numeric designator or the NATO name. Those aircraft that were

* incorrectly identified were categorized as to the degree or type of error as
described in paragraph 2.4.1b. The relative consequence of each category of
error was not weighted except to note that the last category is the least
objectionable. Given an error in the last category, friendly aircraft would
not be Jeopardized and hostile aircraft would be engaged.

b. Twenty-six of the 30 sets of GOAR kit slides were of aircraft
currently required for SQT qualification (a score of 90% is required for
qualification). Therefore, the scores for the 26 sets of slides were used for
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comparison of proficiency between the units because of the comon SQT
requirement. Table 3-1 shows the overall results of the 950 cre~en tested.

TABLE 3-1. 4EAN UNIT RESULTS OF VACR - CONUS VS OCONUS

I 11 ___K _r .AILiURY

FRIENDLY HOSTILE NO CONFUSIONI
I UNIT I I IDENTIFIED I IDENTIFIED I HOSTILE OR I

. LOCATION I CORRECT I OMITTED I HOSTILE I FRIENDLY I FRIENDLY I
(NO. TESTED)I (3) 1 ( S) I I () (5) 1

ICONUS (450) I 66.1 1 12.7 1 2.6 1 3.1 1S.5 I
I I I I I I I
IOCONUS (S00)1 84.7 1 4.1 1 1.4 1 1.3 1 8.4 1I ___ __I _ I I

c. Table 3-2 presents a suemary of the range of VACR test results. In
OCONUS, 53% of the soldiers tested qualified on the VACR test compared to 24%
of the soldiers tested in CONUS. Over one-half of the soldiers tested in
CONUS had a VACR score below 70% correct. It is of interest that 12% of all
soldiers tested identified all aircraft correctly.

TABLE 3-2. RESULTS OF VACA TEST - PERFOMANCE NCREMENTS

VACR SCORES T COWS T OCONIS TOTAL
-(N443) I (N-484) (N-927)

I r
90 - 1005 108 (24%) 254 (535) 362 (395) 1

I (qualification) I

I 80 - 90O 72 (165) 1118 (245) 1190 (205) 1

1 70- 80% 36 (85) 1 28 (65) 1 64 (75) 1

I Belw 705 1 227 (515) 1 84 (17) 1 311 (345) 1

3.4.2 Hands-On Tests

Three different squad drills were conducted to evaluate hands-on task
performance. The first was the missile upload in which four inert missiles
were loaded on the launch rails in a timed drill. The second drill, which was
also timed, included the prepare-for-action drill in which the squad moved
into a position and prepared for action. The third drill was the target
engagement drill which was conducted at the conclusion of prepare-for-action.
This final drill, performed by only a portion of the CHAPARRAL squads tested,
was not used in the evaluation of proficiency of individual squads but was
used to obtain an indication of the reaction time required to engage targets.
The results of the target engagement drill were compared with a simulation of
engagements for various threats to demonstrate the effect of reaction time on
combat effectiveness.

a. Missile Upload.

(1) The detailed procedure for reoving four missiles stowed in the
carrier compartwnts and installing them on the launch rails with wings and
fins was evaluated. The procedure, delineated in FM 44-4, should be completed
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in 8 minutes by a 5-man crew. The majority of the crews tested in this study
had only four members, but no alternate time requirement existed for the 4-man
crews. The performances of 4- and 5-man crews were examined separately to
determine the impact of reduced crew size.

(2) This crew drill was usually conducted in the motor pool or an open
field so the crew would be unhindered by other activity. One person from the
test team observed the drill and recorded the "real time" commentary of the
drill on audio tape. The information on the tapes was subsequently graded for
compliance with specified procedures. Table 3-3 relates the results for both
4- and 5-man crews.

TABLE 3-3. MISSILE UPLOAD PERFORMANCE - CONUS VS OCONUS

(OOUS CONS '

"CREW I FOUR I CREW I FOUR I I
. I CRITICAL PROCEDURES I TIME I CRITICAL PROCEDURES I TIE I

4-MANI/ I 1 8 "INI 4-MAN/ I I I 8 MIN I
IS-AN I PASS I FAIL IOR LESSI S-MAN I PASS I FAIL IOR LESSI
I I I _ I I I I I I14/1 I ~
1 4I43 1 14/12 32/31 1 10/30 1 17/46 1 0/1 17/45 1 0/5 1
I I I I I I I I I
I Percentl I I I Percentl I I I
I Passed 1 30/28 I I Passed I 0/2 1
I I I I I I

b. Prepare-for-Action.

(1) The detailed procedure for prepare-for-action is outlined in FM 44-4.
This drill should be completed by a 5-man crew in 15 minutes, and again, no
alternate criterion exists for 4-man crews. The drills were also conducted in
the motor pool or open field area. Two members of the test team worked together
to observe individual crew member performance. Each team mber used portions
of the FM 44-4 checklist to follow the progress of each crew member. The
checklists were then used to grade performance following completion of the
tests.

(2) Less than 46% of the 149 crews tested passed the "10 essential steps",
and less than 12% passed the full 28-step criterion. Of the 17 crews who passed
the 28 steps, the difference between 4-man and 5-mn crew performance was not
significant. Therefore, the results are presented in table 3-4 for all crews by
OCONUS and CONUS groupings.

TABLE 3-4. PREPARE FOR ACTION RESULTS - CONUS VS OCONUS

OCONUS I CONUS I
II i I I I I I i

P4I I TEN I I I I TEN I I
INUMBERIESSENTIALI 28 I INU1MBERIESSENTIALI 28 I

O I I IOF iSTi STEPS I OF I STEPSI STEPS I
IBATTERY'SISQUASIPASS/FAILIPASS/FAILISATTERY'SISQUADSIPASS/FkILIPASS/FAILII _ _I_ _ _ _ ___ I ___ _I

I All I 90 I 48/42 I 12/78 1 All 1 59 20/39 1 5/54 1
I I I I I I I I

Percent I I I I Percent I I I I
Passed I I 531 13 1Passed 134 1 a II_1200
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c. Target engagement performance data was obtained on a limited sample
(48 crews). The communication between squad leader and senior gunner was
recorded and the time measured from target "alert" to "missile away". Only six
of the 48 crews were rated satisfactory.

4.0 RECOMMENDATIONS - INSTITUTIONAL TRAINING

It is recommended that:

a. USAADS pursue means to improve the proficiency level of 16 students
and that minimum requirements be established for graduation from OSUT. The
requirements should consider the unit's need for replacement crew members.

b. USAADS should consider improving the climate control (i.e., air
conditioning) of the classrooms used in 16P OSUT.

c. USAADS should provide the number of instructors authorized for OSUT.
There was a shortage of CHAPARRAL OSUT instructors causing a high student to
instructor ratio.

4.1 RECOMMENDATIONS - UNIT TRAINING

It is recommended that:

a. The units emphasize crew drills, especially prepare-for-action and
target engagement, as a part of regular monthly training, as a minimum.

b. Crew drill standards be developed that apply to procedure as well as
time. Further, it is recommended that 4-man crew standards be developed.

c. The concept of a mster gunner" be studied to act as a unit
operations sergeant/training NCO. The master gunner would be expected to be
the expert at battalion on CHAPARRAL training.

d. VACR training be given additional emphasis until acceptable
proficiency is achieved, and that effective training for maintaining
proficiency be continued.

e. The T3 trainer and live targets be utilized for target engagement
training and cross-training in order to meet the 15-second time standard.

f. A study be performed concerning the product improvement of the MPU
and the communications subsystem.

g. USAADS direct resupply of training manuals, circulars, and
information to assure replacement needs for training down to squad and
individual leeK.

h. USAADS investigate means of simplifying the installation of the T3
trainers, to include avoidance of deadlining the readiness status of the
CHAPARRAL system.

i. The unit trainers schedule regular training for squads wearing the
MOPP-4 gear to develop confidence and alternative techniques for intra-squad
communication.
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AD P00 1386

Vandyke, G. A. CPT, Canadian Forces Personnel Applied Research Unit,
Willowdale, Ontario, Canada. (Thurs. A.M.)

The Personality Research Form (PRF) as a Prediction for Success in
Pilot Training

This study examined the utility of Jackson's Personality Research
Form (PRF) in the selection of aircrew in the Canadian Forces. A total
of 1962 male candidates completed either the English or French version
of Form E.

'Major findings focused on the validity scales, anglophone versus
francophone differences on the 22 scales and the predictive validity of
the scales against performance in flying training.

Results show that while Infrequency scores are within the range
reported by Jackson, the Desirability scores obtained were very high.
There are also some significant correlations between Desirability
scores and scores on other trait scales. There were a number of
differences between performance of anglophone and francophone subjects
and these will be discussed, together with other early stage psycho-
metric evaluations of the Form.

Finally, the PRF may prove useful in the counselling of cand-idates

who are interested in becoming military pilots.
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THE PERSONALITY RESEARCH FORM (PRF)
AS A PREDICTOR OF SUCCESS IN PRIMARY FLYING TRAINING

Captain G.A. Vandyke

Canadian Forces Personnel Applied Research Unit
4900 Yonge Street

Willowdale, Ontario

INTRODUCTION

I. The Canadian Forces Aircrew Selection Centre (CFASC) annually

processes approximately 1000 candidates who wish to enter the Canadian Forces
as aircrew. The process of selection is constantly monitored so that a valid
test battery can be maintained and new innovations can be evaluated. It was
felt that the addition of a personality inventory might improve the present

selection system by adding information from the personality domain to those

tests already used.

2. Since 1978, the Personality Research Form (PRF-E) incorporating 22

scales has been administered to applicants being processed at the CFASC. Over
this period a total of 1960 subjects have completed the PRF, the scores being

used for experimental purposes only.

Detection of Invalid Records

3. The Infrequency scale on the PRF was designed to identify those
individuals who tend to answer the questions in a non-purposeful or random

manner. Such situations as failing to understand the questions,

unco-operativeness or carelessness in answering will produce high scores in
this scale. A raw score of four or greater indicates the possibility of

errors in scoring or in responding.

4. The Desirability scale on the PRF was developed to permit detection of

responses that were made in terms of what the individual saw as profile

requirements rather than as true representations of his actual profile. High
scores in this scale could indicate either conscious distortion or impression

management or more subtly, influences of a typically high self-regard or of a

high degree of conventional socialization. Low scores may indicate possible

tendencies towards malingering or more likely, low self-regard.

Background

5. As a preliminary step during this study, the lifrequency and

Desirability scales of the PRF were examined. Based on this study the

following conclusions were reached.

a. The Infrequency scores appear to be generally within the norms

expected, that is 98.96% of all profiles contain scores where
infrequency is three or less. It can therefore be said that babed
on these scores, the profiles can be considered valid;
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b. The Desirability scores indicate possible problem areas with

validation of the profiles. Jackson's expectations as to
percentages of individuals falling into certain standard score
areas are not in agreement with the percentages arrived at in this

study. This would indicate either the subject group is somehow
different from university norms or that the entire personality

profile for the subject group is suspect. The first of these
hypotheses has probable merit due to the fact that Canadian Forces
Recruiting Centres (CFRCs) have already carried out a preliminary

selection process and the subject group are all well motivated

towards becoming pilots in the CF. Further study of this question

is considered necessary. (FIGURES I and 2)

6. The purpose of the present study is to assess the predictive validity
of the PRF against basic flying training.

METHOD

Subjects

7. The PRF was administered to 1960 subjects, male and female, from

diverse ethnic backgrounds. All were less than 30 years of age and had

applied for aircrew training in the Canadian Forces. From this initial group
of 1960, a subgroup of 58 was selected. These comprised the male Anglophones
who had been selected for, and subsequently attended, basic flying training.

(The small number was due in part to the long wait between the ASC processing
and the start of flight training.) A further 7 were dropped from the analyses
because of their failure at 3CFFTS for other than flying reasons (e.g.,

medically unfit or failed to reach the required military or academic course

standard). The sample size was, therefore, reduced to 51.

Procedure

8. All candidates who were processed through the ASC during a two year

period 1978 to 1979 were administered the PRF. The individual Social
Insurance Numbers (SIN) were used for identification purposes. In April 1981

a search was made of data files held at the Canadian Forces Personnel and
Applied Unit and personnel from the original group who had subsequently

attempted basic flying training were identified. This group (N=58) were then

matched with their PRF scores using SIN's. All cases of matched data on
females, Francophones, infrequency scores of more than 3, or individuals who
had failed flying training for other than ability reasons, were removed. The
final analysis was then carried out using the remaining 51 cases as detailed

above.

9. The Statistical Package for the Social Sciences (SPSS) was used to

analyze the data. The 51 cases were classified in terms of performance during

basic flying training (Pass/Fail) and of Previous Flying Experience
(PFE/NPFE). Two analyses involving scores on the Desirability trait were

undertaken, enabling t-test analyses to be applied to each of the 22

dimensions on the PRF. The number of cases involved is shown in Table 1.
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10. Only comparisons involving groups with more than 10 subjects were
deemed suitable for analysis, thus eliminating 2 of the original 6 subgroups
from the analysis.

RESULTS

11. No significant differences were found between Group 1 and Group 2 when
their scores were compared on the 22 dimensions of the PRF. (TABLES 2-5)

DISCUSSION

12. This study indicates that the PRF was unable to predict subsequent
performance on flight training. It should be noted however that a small
number of candidates was involved and for some of the groups the number of
subjects is so small that no conclusions are possible. Perhaps a final
verdict on the efficacy of the PRF should be suspended until further data
accrue.

REFERENCES

Jackson, D.N. Personality Research Form Manual. Research Psychologists
Press, Inc., 1967.

Nie, N.H. Statistical Package for the Social Sciences. McGraw-Hill, 1975.
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FIGURE 1

FREQUENCY DISTRIBUTION OF DESIRABILITY SCORES: ANGLOPHONE (N=1568)
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FIGURE 2

FREQUENCY DISTRIBUTION OF DESIRABILITY SCORES: FRANCOPHONE (N=394)
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TABLE 1

THE NUMBER OF SUBJECTS IN EACH ANALYSIS GROUP

AFTER SUBDIVISION BASED ON

PREVIOUS FLYING EXPERIENCE AND FLYING TRAINING SUCCESS

PREVIOUS FLYING EXPERIENCE

I i
RANGE I YES NO TOTAL I

I I GRAND
I OF I FLYING TOTAL

I I FLYING TRAINING FLYING TRAINING TRAINING

I DESIRABILITY I

SCORES IPASSED FAILED PASSED FAILED PASSED FAILED

ANALYSIS I I RESTRICTED

I TO 4-16(INCL)I 16 2 1 16 13 32 15 47

ANALYSIS 2 ALL 18 2 18 13 36 15 51

1
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TABLE 2

RESULTS OF T-TEST USING
GROUP I (PASSED FLYING TRAINING) AND GROUP 2 (FAILED FLYING TRAINING)

FOR EACH OF THE PRF TRAITS

GROUP 1 PASS GROUP 2 FAIL

N 16 N 13

PRF TRAIT X SD PX SD I

ABASEMENT 7.00 3.10 8.38 2.69 -1.27 .22

ACHIEVEMENT 12.15 3.26 13.38 1.76 -1.13 .27

AFFILIATION 10.56 3.08 11.54 3.23 -0.83 .41
AGGRESSION 7.19 3.41 6.38 2.90 0.67 .51
AUTONOMY 7.56 2.22 6.69 2.78 0.94 .36

CHANGE 10.63 1.86 10.92 2.43 -0.37 .71

COGNITIVE STRUCTURE 10.06 3.15 10.77 3.35 -0.58 .56
DEPENDENCE 4.56 2.66 5.15 4.24 -0.46 .65

DOMINANCE 12.88 2.58 12.92 2.66 -0.05 .96
ENDURANCE 12.31 3.03 12.77 2.35 -0.45 .66

EXHIBITION 9.75 3.42 7.54 3.18 1.79 .09

HARM AVOIDANCE 4.44 3.10 4.69 1.75 -0.26 .79

IMPULSIVITY 4.44 3.81 4.62 2.79 -0.14 .89

NURTURANCE 9.44 3.10 11.08 2.33 -1.58 .13
ORDER 10.44 4.37 10.23 2.39 0.15 .88

PLAY 8.13 2.58 7.70 3.03 0.41 .68

SENTIENCE 7.81 3.19 8.00 2.00 -0.18 .86

SOCIAL RECOGNITION 7.25 3.28 7.31 3.52 -0.05 .96

SUCCORANCE 4.69 2.87 5.15 2.64 -0.45 .66
UNDERSTANDING 9.25 2.91 9.15 1 2.51 0.09 .93

INFREQUENCY 0.38 0.72 0.07 0.28 -1.41 .17
DESIRABILITY 13.06 1.69 13.15 1.28 -0.16 .87

SUBJECTS ALL OBTAINED DESIRABILITY SCORES

GREATER THAN 4 AND LESS THAN 16 AND ALL HAD
NIL PREVIOUS FLYING EXPERIENCE.
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TABLE 3

RESULTS OF T-TEST USING
GROUP I (PASSED FLYING TRAINING) AND GROUP 2 (FAILED FLYING TRAINING)

FOR EACH OF THE PRF TRAITS

GROUP 1 PASS GROUP 2 fAIL
N 32 N 15

I PRF TRAIT X SD X SD t P

ABASEMENT 6.78 2.86 8.27 2.58 -1.71 .09
ACHIEVEMENT 13.00 2.75 13.67 1.80 -0.86 .40

AFFILIATION 10.16 2.64 11.33 3.40 -1.30 .20

AGGRESSION 7.63 2.92 6.60 2.85 1.13 .26
AUTONOMY 7.41 2.12 7.13 2.85 0.37 .72

CHANGE 10.38 1.91 10.93 2.25 -0.88 .38

COGNITIVE STRUCTURE 10.28 3.14 11.00 3.16 -0.73 .47
DEPENDENCE 4.53 2.46 4.93 4.01 -0.42 .67

DOMINANCE 13.38 2.37 13.13 2.59 -0.32 .75

ENDURANCE 12.34 2.66 12.87 2.20 -0.66 .51

EXHIBITION 9.19 3.05 7.67 3.11 1.58 .12
HARM AVOIDANCE 4.84 3.73 4.67 2.09 0.17 .87

IMPULSIVITY 3.97 3.09 4.40 2.64 -0.47 I .64

NURTURANCE 9.53 2.50 10.93 2.31 -1.83 .07
ORDER 10.63 3.98 10.60 2.41 0.02 .98
PLAY 7.41 2.75 7.60 2.85 -0.22 .83

SENTIENCE 8.16 3.25 I 8.13 2.03 -0.03 .98
SOCIAL RECOGNITION 7.31 I 3.04 7.47 3.42 -0.16 .88

SUCCORANCE 5.09 I 2.84 5.00 2.73 0.11 .92
UNDERSTANDING 9.84 I 2.97 9.33 2.44 0.58 .57
INFREQUENCY 0.41 I 0.67 I 0.07 I 0.26 1.90 .06
DESIRABILITY 12.91 1.63 I 13.13 I 1.25 -0.48 .64

_ _ _ _ _ _ _ _ _ _ _ _ _I I_ _ _ - _ _

SUBJECTS ALL OBTAINED DESIRABILITY SCORES

GREATER THAN 4 AND LESS THAN 16: PREVIOUS
FLYING EXPERIENCE NOT CONSIDERED.
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TABLE 4

RESULTS OF T-TEST USING

GROUP I (PASSED FLYING TRAINING) AND GROUP 2 (FAILED FLYING 'IRAINING)

FOR EACH OF THE PRF TRAITS

GROUP I PASS GROUP 2 FAIL

N 18 N 13
I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ k _ _

PRF TRAIT X SD X I SD t I
1 _ _ _ _ _ _ _ _ _ _ _ _. _ _ I _ _ _ _ I _ _ _

ABASEMENT 6.78 3.06 8.38 2.69 -1.52 14
ACHIEVEMENT 12.44 3.13 13.38 1.76 -0.98 .34
AFFILIATION 10.67 3.03 11.54 3.23 -0.77 .45
AGGRESSION 7.06 3.27 6.38 2.90 0.60 .56

AUTONOMY 7.33 2.25 6.69 2.78 0.71 .48

CHANGE 10.78 1.80 10.92 2.43 -0.19 .85

COGNITIVE STRUCTURE 10.06 2.98 10.77 3.35 -0.63 .54
DEPENDENCE 4.39 2.57 5.15 4.24 -0.62 .54

DOMINANCE 12.78 2.53 12.92 2.66 -0.15 .88
ENDURANCE 12.17 3.19 12.77 2.35 -0.58 .57
EXHIBITION 9.33 3.69 7.54 3.18 1.41 .17
HARM AVOIDANCE 4.56 2.94 4.69 1.75 -0.15 .88

IMPULSIVITY 4.22 3.64 4.62 2.79 -0.33 .75

NURTURANCE 9.61 3.03 11.08 2.33 -1.46 .16
ORDER 10.83 4.27 10.23 2.39 0.46 .65

PLAY 8.17 2.71 7.69 3.04 -0.46 .65

SENTIENCE 7.72 3.01 8.00 2.00 -0.29 .77
SOCIAL RECOGNITION 7.11 3.18 7.31 3.52 -0.16 .87
SUCCORANCE 4.78 2.84 5.15 2.64 0.37 .71

UNDERSTANDING 9.11 2.78 9.15 2.51 -0.04 .97
INFREQUENCY 0.33 0.69 0.08 0.28 1.27 .21
DESIRABILITY 13.39 1.85 13.15 1.28 0.39 .68

ALL SUBJECTS HAD NIL PREVIOUS FLYING EXPERIENCE:
ALL DESIRABILITY SCORES ARE INCLUDED.

1212



TABLE 5

RESULTS OF T-TEST USING

GROUP 1 (PASSED FLYING TRAINING) AND GROUP 2 (FAILED FLYING TRAINING)

FOR EACH OF THE PRF TRAITS

GROUP 1 PASS GROUP 2 FAIL

N 36 N =15

I PRF TRAIT X SD X SD t P

ABASEMENT 6.53 2.92 8.27 2.58 -2.00 .05
ACHIEVEMENT 13.08 2.61 13.67 1.80 -0.79 .43
AFFILIATTON 10.08 2.86 11.33 3.39 -1.35 .19
AGGRESSION 7.64 2.81 6.60 2.85 1.20 .24
AUTONOMY 7.25 2.17 7.13 2.85 0.16 .87
CHANGE 10.42 1.94 10.93 2.25 -0.82 .41
COGNITIVE STRUCTURE 10.39 3.04 11.00 3.16 -0.65 .52
DEPENDENCE 4.55 2.41 4.93 4.01 -0.42 .68
DOMINANCE 13.36 2.32 13.13 2.59 0.31 .76
ENDURANCE 12.25 2.79 12.87 2.20 -0.76 .45
EXHIBITION 8.97 3.18 7.67 3.11 1.35 .19
HARM AVOIDANCE 4.89 3.58 4.67 2.09 0.22 .82
IMPULSIVITY 3.86 2.93 4.40 2.64 -0.62 .54
NURTURANCE 9.42 2.58 10.93 2.31 -1.97 .06
ORDER 10.86 3.89 I 10.60 2.41 0.24 .81
PLAY 7.31 2.84 7.60 2.85 -0.34 .74
SENTIENCE 8.08 3.08 8.13 2.03 -0.06 .95
SOCIAL RECOGNITION 7.31 2.96 7.47 I 3.42 -0.17 I .87
SUCCORANCE 5.06 2.77 5.00 2.72 0.07 .95
UNDERSTANDING 9.72 2.90 I 9.33 2.44 -0.46 .65
INFREQUENCY 0.36 0.64 I 0.07 I 0.26 I 1.72 I .09
DESIRABILITY 13.25 1.83 I 13.13 1.25 I 0.23 I .82

NO RESTRICTION IS IMPOSED FOR DESIRABILITY
SCORE OR PREVIOUS FLYING EXPERIENCE.
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SP001387

van Rijn, Paul, US Office of Personnel Management, Washington, DC.
(Wed. P.M.)

Self-Assessment in Employee Selection and Placement

-A self-assessment questionnaire was administered to 474 firefighter
applicants in conjunction with a written test of cognitive abilities.
The applicants were asked to make self-assessments of important cogni-
tive and noncognitive abilities required to perform firefighter work.
They were also asked to rate their willingness to perform some less
desirable yet critical firefighter tasks and to rate the extent of
their pre-employment knowledge about firefighting. The self-assess-
ments, although inflated as expected, demonstrated considerable vari-
ance. An analysis of the results showed that there are few differences
in the mean self-assessments of abilities for black and white appli-
cants and that the differences are limited largely to noncognitive
components of the firefighter job. More significant differences were
found, however, in the expressed willingness of white and black appli-
cants to perform less desirable firefighter tasks. Correlations
between the self-assessed abilities and corresponding scores on the

*'-. written test were low. Although not without promise, caution is
advised in the use of self-assessments, particularly in employee
selection.
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SELF-ASSESSME24T IN PERSONNEL SELECTION AND PLACEMENT

Paul van Rijn

U.S. Office of Personnel Management
Office of Personnel Research and Development

This paper describes the first phase of a study to investigate the psychometric
properties of self-assessment procedures and to determine to what extent self-
assessments made by job applicants can be useful in decisions concerning personnel
selection and placement. To date there have been few studies of self-assessment
in the employment context and evaluation of its utility in that context have had
to come for the most part through inferences from studies conducted in other contexts.

This study was conducted in part to comply with Uniform Guideline requirements
to investigate alternative selection procedures, to determine their validity, and
to evaluate their adverse impact in a personnel selection context. Other contexts
have already demonstrated the utility of self-assessments (e.g., Davey, 1980;
Thornton, 1978; and Shraugher & Osberg, 1981), however, their use in personnel
selection has received little attention. Part of this lack of interest in self-
assessment in personnel selection is concern about leniency or overestimation of
the rater's own abilities. Although there is considerable support for this concern,
overestimation is not always found (Heneman, 1974) and does not significantly
affect the validity of the self-assessments if the overestimations are relatively
constant from rater to rater (Primoff, 1979).

Another reason self-assessments have received so little attention in the past
has been the assumption that when a self-asssessment is at variance with another
measure of the same ability, it is the self-assessment that is inaccurate. This

assunption is being increasingly challenged as it is being recognized that self-
assessments may be alternative perspectives of the same phenomenon and that
total agreement is not always likely, nor necessary (e.g., Schneider, 1977).
Additionally, it is being realized that job applicants possess a much larger data
base about themselves from which to draw inferences than do most external evaluators
or records. Not only is this data base larger, but it also contains all the important
private information about situational or motivational determinants that can have such
a significant bearing on future performance (e.g., Monson & Snyder, 1977).

Paper presented at the 23rd Annual Conference of the Military Testing Association
in Washington, D.C., October 1981.

The opinions expressed in this paper are those of the author and do not neces-
sarily represent those of the U.S. Office of Personnel Management.
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DESIGN OF JIE SrLUDY AND RESULTS

Thirty-three (33) self-assessment questions were prepared and administered
to 456 firefighter applicants in a large metropolitan jurisdiction. The questions
were derived from a thoroush analysis of the entry level firefighter job and repre-
sented an extension of the questions used in an earlier study by van Rijn and Payne
(1980). In that study, self-assessments were made on fourteen variables or dimen-
sions. Although the correlations of the self-assessments and the criterion measures
were generally low and not significant, it was postulated that this may have been
due to the absence of a clearly defined reference group against which the raters
could make their self-evaluations. The relatively small differences in the self-
assessments made by black and white participants in that study suggested that self-
assessments may significantly reduce adverse impact in comparison to sane traditional
assessment procedures.

Practical considerations and the complexity of the abilities to be assessed
prohibited extensive definition of the abilities themselves (although that would
have been desirable), however, the reference group against which the applicants
were to evaluate themselves was carefully defined to include "persons of your own
age and general background, such as students who went to school with you, persons
who served with you in the armed forces, fellow workers, friends and acquaintances."
Applicants were asked to compare themselves to this reference group and to rate
themselves on 22 abilities, using the following scale:

A. Very much below average
B. Somewhat below average
C. Average
D. Somewhat above average
E. Very much above average

The letters A through E corresponded to spaces on the computer-scored answer sheet
and were later converted to the numbers 0 through 4 for statistical analysis.

For another 10 variables the applicants were asked to compare themselves to
the same refence group in terms of their "willingness to" perform various activities
of the firefighter job. A similar scale was used, ranging from (A) Extremely
unwilling to (E) Extremely willing. The last question of the self-assessment
questionnaire asked applicants to specify their level of knowledge about the fire-
fighter job.

Ideally in a study of this type, self-assessments should be solicited as an
operational part of the entry level examination. This was not possible, and it was
announced to the applicants at the beginning of a 3-1/2 hour testing session that
some portions (unspecified) of the examination would be used for experimental purposes
only. It is not known to what extent applicants perceived the self-assessment
questionnaire, which was administered last, to be the experimental portion, but
an omit rate of nearly 10% toward the end of the questionnaire suggests that at
least some applicants may not have been motivated to the same extent as might be
expected from an operational test part.

Table 1 shows the composition of the applicant sample. Of the 456 applicants,
75% were black, since the jurisdiction had recently applied a residency requirement
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for service in the fire department. Most (88%) of the applicants who were already
residents were black, although 11% of the white applicants were residents in the
jurisdiction. As might be expected, most (94%) applicants were male and all of
the female applicants were black.

The middle portion of Table 1 shows that in general, black applicants scored
about one standard deviation lower on the cognitive abilities test than white appli-
cants, a difference that is not without adverse impact. An extensive validity study
reported by van Rijn and Payne (1980) shows, however, that the test is highly pre-
dictive (r-.61) of job performance and is equally valid for black and white applicants.

In terms of prior knowledge about the firefighter job, the results of the
knowledge question reported at the bottom of Table 1 confirm previous findings that
black firefighter applicants have significantly less familiarity with the job of
firefighting than white applicants. Such a difference significantly affects the
amount of self-selection that occurs prior to application for the job and suggests
that the applicant group used in this study consists of a highly self-selected group
of white applicants and a much less self-selected group of black applicants.

The mean ability ratings for the total sample are shown in Table 2. Although
there is same leniency in the ratings, but the effect is not excessive. An "average"
ability rating is 2.00, while a mean rating of 3.00 is "slightly above average."
Most ratings are within that range. Consistent with discussions in van Rijn (1981),
the more verifiable ratings received slightly less inflated ratings. Most significant
of the ratings in Table 2 is the virtual absence of a difference between the mean
ratings made by black and white applicants. Similarly, passing rates above the
arbitrary "passing" point of 2 ("Average"), show almost no adverse impact.

Table 3 shows the "willingness to" ratings. Consistent with the hypothesis
that less verifiable variables will manifest greater leniency than variables that
can be independently checked, the mean willingness ratings are higher than the ability
ratings shown in Table 2. Like the ability ratings, there are few differences in
the willingness ratings for black and white applicants.

Table 4 shows the intercorrelations of the major self-assessed cognitive
abilities. Except for one, all correlations are significant at the .01 level, although
their magnitude is generally low to moderate. The highest correlations are among
abilities that were expected to correlate highly, e.g., Remember and Quick Recall
(r=.51) and Problem Identification and Judgment (r=.52).

The much iigher intercorrelations of the "willingness to" variables shown in
Table 5 suggest that these variables are much less distinct and are much more
susceptible to halo effects. Of the 45 correlations above the diagonal, 35 are .40
or higher.

Although later phases of this self-assessment study can more directly address
the validity of self-assessments for predicting actual job performance, there are
some indirect comparisons that are possible here. Table 6 shows the correlations
between the six cognitive ability subparts of the entry level predictor test and
selected self-assessed variables. Although some of the self-assessed variables
correlate significantly with tested scores of the same ability-and in a pattern
consistent with the hypothesis that self-assessed abilities will correlate higher
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with tested scores of the same or related abilities than different abilities-this
* was not always the case. Self-assessed Reading ability correlates highest (r=.23)

with tested Reading Comprehension, (although there is no statistically significant

difference between this correlation and those of self-assessed Reading with the
other parts of the test). Self-assessed Oral Directions also correlates highest

* (r=.17) with the tested score of that ability. Calculations correlates (r=.35) with
Using Formulas, but the effect is much less clear for the self-assessed Problem
Identification and Judgment abilities. Problem Identification correlates as
significantly with other tested variables as it does with tested Problem Identifi-
cation, while self-assessed Judgment fails to correlate with any tested ability.

Not only did the self-assessed cognitive abilities not correlate very highly
with the tested cognitive ability measures, but they failed to correlate much

* -higher than did some of the non-cognitive self-assessed abilities or willingness
ratings, i.e., stress, react quickly, and risk/life. It must be noted, however,
that these variables are but three from a questionnaire of thirty-three questions
and may have reached statistical significance, in part, through chance. The large
number of research participants for the study yields statistical significance
at the .05 level for correlations as low as .10, however, correlations of such a
low magnitiude tend to have little utility.

CONCLUSIONS

The results of the study suggest that self-assessment procedures may virtually
eliminate adverse impact in some situations and resulted in only minimal and
acceptable levels of overestimation or leniency in the quasi-operational employment
context of this study. However, the important evidences for the validity of the

*i self-assessment procedure are meager. More extensive definition of the self-
assessed dimensions, use of numbered rather than lettered scales, use of independent
non-cognitive as well as cognitive measures of the rated dimensions, and the use
of more directly job-related criterion measures might significantly improve the
predictive validity of the self-assessment procedure.

Potential users of the self-assessment procedure must exercise great caution in
* the use of self-assessment procedures or in the interpretation of the data from this

study. The results of this study are based on a unique and atypical applicant group,
involve the self-assessment of relatively abstract dimensions, and use a rather
incomplete and indirect test of the validity of self-assessment. The use of more
concrete, clearly observable, and verifiable dimensions (e.g., typing) may signifi-
cantly enhance the validity of self-assessment, particularly if self-assessments are
evaluated against actual job performance rather than a predictor test.
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TABLE 1

Comparison of Black and White Firefighter Applicants

Background Total
Variable Sample Black White

RACE
-number 456 344 112
-percent 100 75 25

HISPANIC (number) 2 i 1

RESIDENT (percent) 69 88 11

SEX (percent)
-male 94 92 100
-female 6 8 0

FIREFIGHTER SELECTION TEST Mean S.D. Mean S.D. Mean S.D.
(Total Test T-score) 50.0 10.0 47.2 8.9 58.6 8.2

NCWIEDGE ABOUT JCB (percent)a
-About as much as the

general public 19 24 6
-A little more than the

general public 27 33 10
-A lot more than the

general public 28 33 14
-As much as sone fire-

fighters/volunteer work 17 5 50
-As much as a trained fire-

fighter/a paid firefighter 9 5 21

Note. Slight discrepancies in the data are due to rounding. All
differences between the black and white subgroups on the FST and KNOCLEDGE
variables are significant at the .01 level.

aBased on an N of 386. Sixty blacks and 10 whites did not answer

this question.

1221



r. 7 . .

TABLE 2

Coarparison of Self-Assessed Ability Ratings of Black and White
Firefighter Applicants

Self-Assessed Total Sample Black White B/W
Variable "Pass"

Mean S.D. Mean S.D. Mean S.D. Ratioa

ABILITY TO:

1. Read 2.63 .75 2.62 .77 2.65 .72 .90
2. Follow instruct. 2.57 .81 2.72 .86 2.82 .62 80
3. Remember 2.57 .81 2.57 .84 2.56 .74 :94b

4. Quick recall 2.63 .79 2.65 .81 2.57 .71 .91 b

5. Calculate (math) 2.41 .89 2.39 .90 2.45 .87 .93

6. Identify problems 2.81 .81 2.76 .85 2.96 .68 • 75
7. Make judgements 2.72 .83 2.73 .84 2.69 .81 .96b
8. Work with people 3.34 .86 3.36 .88 3.31 .82 .99
9. Work with stress 3.06 .87 3.00 .90 3.24 .77 .88
10. Work under orders 3.05 .88 3.07 .91 3.00 .78 .99

11. Work independently 3.09 .93 3.10 .96 3.04 .80 1.00
12. Act responsibly

and dependably 3.15 .87 3.13 .90 3.22 .74 .92
13. Drive a car 3.16 1.04 3.15 1.07 3.17 .93 .93
14. React quickly 3.09 .84 3.05 .88 3.21 .68 .88
15. Sustain physical

activity 3.01 .85 3.08 .87 2.77 .75 .82b

16. Exert maximum force 2.75 .84 2.76 .86 2.71 .77 95b

17. Coordinate body 3.00 .87 3.05 .88 2.86 .80 .84
18. Maintain balance 2.88 .87 2.91 .90 2.77 .74 .97
19. Find way 2.76 .86 2.70 .88 2.90 .79 .79
20. Concentrate 2.73 .82 2.74 .82 2.70 .81 .93

21. Work/high places 2.69 .95 2.58 .94 3.01 .89 .69
22. Work/confined 2.78 .91 2.70 .91 3.03 .83 .74

Note. Since every applicant did not answer every question on the Self-
Assessment Questionnaire, the data in the table are based on n's that vary
slightly frcm 448 to 456.

a"Passing" represents all self-ratings above 2 or "Average."

* bpassing rate was greater for blacks than whites.
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TABLE 3

Comparison of Self-Assessed Willingness Ratings of Black and White
Firefighter Applicants

Self-Assessed TLtal Sample Black White B/W
Variable _"Pass"

Mean S.D. Mean S.D. Mean S.D. Ratioa

WILLfMX ESS TO:

23. Work outside 3.21 .81 3.18 .82 3.33 .78 .97
24. Work shifts 3.29 .80 3.23 .81 3.50 .75 .94

25. Risk injury/
property 2.41 1.14 2.32 1.14 2.67 1.11 .81

26. Risk injury/
life 3.35 .86 3.28 .87 3.57 .77 .91

27. Work on high
places 3.10 .87 3.00 .88 3.38 .78 .89

28. Work in con-
fined places 3.14 .80 3.06 .78 3.38 .81 .92

29. Work in dark,
unfamiliar
places 3.04 .87 2.91 .85 3.43 .79 .82

30. Perform routine
maintenance 3.28 .83 3.26 .86 3.36 .73 .94

31. Work at maxi-
mum strength
for long time 3.21 .86 3.16 .91 3.35 .70 .89

32. Accept hazing or
practical jokes 2.82 1.06 2.69 1.11 3.19 .81 .79

Note. Although the Self-Assessment Questionnaire was administered to
456 firefighter applicants, the number of applicants responding to the
"willingness to" questions varied slightly frcm 406 to 417.

'4
a"passing" represents all "Slightly willing" and "Extremely willing"

ratings, i.e., ratings of 3 and 4.
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TABLE 4

Intercorrelations of Self-Assessed Cognitive Abilities

Variable 2 3 4 5 6 7

1. Read .41 .30 .30 .31 .33 .29
2. Follow instructions -- .26 .24 .29 .36 .27
3. Remember - .51 .26 .29 .35
4. Quick recall -- .17 .37 .42
5. Calculations (math) --- .20 .11
6. Problem identification - .52
7. Judgment

Note. All correlations are significant at the .01 level,
except the .11 correlation between Calculations(5) and Judgment(7).

TABLE 5

Intercorrelations of Self-Assessed Willingness Variables

Variable 2 3 4 5 6 7 8 9 10

1. Work outside .59 .33 .45 .56 .62 .60 .55 .51 .40
2. Work shifts - .31 .45 .52 .57 .55 .55 .46 .38
3. Risk/property -- .41 .32 .32 .43 .29 .28 .20
4. Risk/life - .45 .42 .50 .42 .42 .33
5. High places -- .66 .63 .52 .53 .36
6. Confined places - .65 .58 .46 .34
7. Dark places -- .58 .51 .43
8. Routine work -- .50 .44
9. Maximum strength - .4610. Hlazing

Note. All correlations are significant at the .01 level.
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TABLE 6

Intercorrelations of Selected Self-Assessed and Tested Variables

Self-Assessed FST TEST SCORES
Variables

Read. Use Judg- Rea- Prob. Oral Total
comp. Formu- ment son. Ident. dir.

las

1. Read .23 .18 .20 .21 .20 .09 .22
2. Follow instructions .08 .04 .10 .12 .08 .17 .12
3. Remember .02 .05 .08 .10 .08 .03 .07

4. Quick recall .04 .01 .08 .05 .11 .00 .07
5. Calculations (math) .12 .35 .15 .34 .16 .21 .23
6. Problem identification .19 .09 .15 .12 .18 .06 .17
7. Judgment .00 -.09 -.01 .00 .00 -.06 -.03

8. Stress .15 .08 .13 .07 .20 .09 .16
9. React quickly .15 .04 .08 .06 .14 .08 .12

10. Risk/life .13 .06 .15 .18 .08 .11 .13

11. Firefighting knowledge .21 .10 .18 .12 .12 .12 .18

Note. Correlations equal or greater than .10 and .12 are significant at
the .05 and .01 level, respectively. All self-assessed variables not shown
did not correlate significantly (p less than .01) with the Ttal FST score.
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AN MM PUBLISHII= CHAW0:
A TEXTBOOK COCEPT AND PROSPECTS

Raymnd 0. Waldkoetter
US Army Research Institute for the Behavioral and Social Sciences
Fort Sill Field Unit, P.O. Box 33066, Fort Sill, Cklahoma 73503

Summary

Each year the customary proceedings are published for distribution
following the annual Military Testing Association (MTA) Conference. only
a modest amount of editing and transition discussion among subject-
matter sections and papers are practical since the proceedings conform
to a topical program plan and size. With a growing diversity of material
found within topical areas and across the proceedings, there is an
immediate challenge to edit selected material to show a wider scientific
application with an integrated structure for key subject-matter sectionsl

- A textbook plan, as a response to this challenge, is in progress to
'work toward a definitive volume dealing with military personnel assess-
ment research (1958-1983), paralleling reporting activities through
25 years of TfA programs Several characteristics will make an MMP text
noteamrthy, largely beca mose ost presentations to be drawn on are well
done and currently orig.a, in view of the reported topics. Major
sections will describe interservice and international research priorities,
military and related research and program management results, mutual and
dissimilar problems and solutions, and present a critical analysis
of future directions.

-The growing scope and quality of M'A participation indicate there
is a continuing need to report the proceedings as efficiently and pro-
fessionally as possible. Certain implications fron deliberations of
the MA Publishing Reviw Group can furnish advisory assistance for
innovative MTA publication practices as well as preparing a scholarly
foundation for editing one or more longitudinal texts.

ONT0UriN

Publication of annual proceedings is and has been a strong nmotivation
to produce MTA papers and presentations. The sharing of professional and
technical experiences gives the participants a ready audience to propose,

Lrhe views expressed in this paper are those of the author and do not
necessarily reflect the views of the Army Research Institute or the
Department of the Army.
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review and critique research or studies in a working atmosphere. After
23 years MTA has extended its invitation and participation to annually
attract nearly 300 or more military and civilians to explore current
topics having specific and general interest in the field of personnel
assessment psychology. Coordination responsibility to plan an annual
conference, direct a program, and collect the material to publish the
proceedings is, to say the least, a formidable yet rewarding challenge.

In the early years of MTA these gatherings were arranged with more
of the atmosphere of a college class reunion. It was never expected
then that our neat little stack of papers and banquet speech would signal a
trend toward a two volume proceedings of 1095 pages, our Canadian conference
produced last year (MTA, 1980) nor the 995 pages the US Navy host published
the year before (MTA, 1979). A discussion late this summer (Birdsall, 1981)
helped estimate, for example, the contrasting length of proceedings for
the second annual MA Conference (1960) which was about 84 pages. With
a publication trend that seems to encourage a rather large volume or
volumes, we should seriously begin to think through the various pub-
lication choices that can guide the development of particular features
regarding quantity and quality control in what is selected for MA format
and content.

Publication decisions affecting the length of MTA Proceedings or
structure of articles must be identified so that greater advantage may
be taken of the rather prolific reporting achieved each year. ttere the
proceedings furnish an opportunity to deliver papers or present programs,
the emphasis is largely on working level actions instead of fully examined
and assimilated technical products. There are several other possible
ways proceedings might vary in format and content arrangements depending
on the objectives selected. As minimal manuscript guidance this year
our MTA (1981) host, the Army Research Institute, has for the first time
distributed "instructions to authors for MTA manuscripts." A step taken
thereby confirming that if we need to structure manuscripts, perhaps
due regard for proceedings ucmposition has becom of tinely concern also.

Should any proposed alternatives indicate inherent constraints in
publishing proceedings, then it would seen reasonable to ask: Could
there be other publications conceived in MTA and published through JirA
or independently? And I would say categorically, another abstracting
approach alone would be unacceptable since the article content could
not usually be available through a selective retrieval system.

Certain constraints are natural, I feel, with any organizational
proceedings. First, when an open call for papers is announced the
program size and eventually plan for topical order are dependent on
nominal title, topics and degree of paper or panel technical preparation
and documentation. Secondly, only a modest amount of editing and transition
discussion will be practical to bring papers together more coherently
within topical areas and when areas or sections are put in a given program order.
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As the diversity of material has increased even in subject-matter
sections and across the proceedings, an immediate challenge is perceived
to have the proceedings or some alternative derived from proceedings
selectively edited to offer a more generalized application in the field
of psychology. An integrated structure of key topical areas using
independently ccmposed articles or chapters is conceivable with the synthesizing
effect of introductory and transitional comments. An attempt to edit
a group of papers sinply taken from a sample of IIlA Proceedings which
would include largely the initial papers does not achieve the concept I
have in mind, and would most likely be of limited interest beyond the
military personnel and training situations. Program scope and material
diversity are not in and of theelves handicaps. But the great bulk of
material assembled by program sequence can serve most often only as an
authentic history and technical reference for participants and colleagues
normally familiar with the purpose of the subject-matter content.

Making the effort to see beyond the cumulative proceedings
annually inspired under the obvious pressure of cn-going operational
requirements, does call for an altered perspective, if not a state of
consciousness. This adjustment is needed to decide what publication
alternative would appear ne, instructive, and distill the principal
technical trends observed through MTA Conferences. An alternative concet
has gradually emerged, which is being refined, that suggests a textbook
structure to describe military personnel research frm the perspective
of MTA experiences and then generalize to academic and other settings.

A TEXTBOCK PIAN

The MIA Publishing Review Group was designated following the 21st
Conference and was the result of an Ad Hoc committee created to explore
the development of a publication, preferable a textbook in hardcover
(MIA, 1979). Our first objective, I determined as appointed chairman, ws
try to mold a concept which would doctment the major professional contri-
butions contained in the proceedings of previous conferences. At the
22nd Conference in Toronto a plan of action (1980) was presented including
a global definition of the task and tentative text outline with basic
author guidelines. This committee plan was the basis for selecting
prospective editors to further develop the text concept and help revise
the preliminary content outline. Along with the tentative outline certain
crucial milestones were projected to develop article or chapter outlines
for the subject-matter areas or major textbook sections.

A textbook plan is being carried out where the book sections are
defined by co-editors who obtain the interested authors, and we all
industriously strive to put flesh on a definitive volume dealing with
military personnel assessment research (1958-1983) paralleling the Mn
programs through 25 years of reporting activities. Fbur major sections
are identified in the text outline: Occupational Analysis and Research,
Personnel Measurement and Evaluation, Training Methods and Programs, and
Organizational Assessment and Technology. Wo optional sections were
identified to add an introductory MTA background perspective and a concluding
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sumary of military personnel research utility and future development.
To date our endeavor, not unlike the proceedings in part, has impressed
us also with the grave magnitude of bringing so much digested material into
one manageable book that would adequately treat these sections of complex
subject-matter.

An MTA text should be noteworthy because of several characteristics
derived fran the background of the organization and proceedings. The
material presented in almost every instance is well done since it describes
the direct experience of individuals and organizations, candidly con-
fronting their research and study problems before conclusions and recomen-
dations are rationalized to fit any inevitable operational compronises
or changes in product functions. Of course this written material may profit
fran same editing, yet a raw originality is evident and the current im-
portance of the reported topics increases their technical relevance. Fron
the MTA organizational affiliations an atmosphere is encouraged to
deliver information having a realistic problem solving thrust, rather
than exploiting findings which may or may not guarantee rigorous appli-
cation due to overly elegant technical conditions and logistical support.

Although there is a diversity of material, strong interest groups
have tended to became visible and establish communication to delineate
prevailing issues. So that there are distinctive groups of interest in
spite of the problem of sequencing the proceedings material in the most
reasonable order. It is out of this familiarity participants have with so
many content areas and their timely individual technical products that
new articles or chapters can develop to show a longitudinal analysis
of military personnel research and future requirements. Editorial initiative
and author discipline are the prime ingredients to translate our plan into
a cohesive arrangement of selectively reviewed material extracting the
best proceedings highlights with a synthesis of critically discussed MA
contributions and their wider scientific application.

During the 21st MA Conference (1979) our efforts were spent on just
learning whether enough Steering Coummittee members would have an interest
in the textbook concept to justify development of a plan for publication.
The notion of publishing something in addition to the proceedings was
and is supported, but molding an editorial board to breathe life into
this concept took most of the year before the 22nd Conference (1980). And
in fact a designated board of editors and an acceptable book prospectus
were not prepared in depth until after several good working sessions as J
recorded in the closing minutes of the 1980 Steering Committee meeting.
Draft working papers had been prepared for Steering ommittee review
before the conference and a survey conducted to focus on the decision points
needing thorough discussion and agreement. Fbrtunately, during the brief
time available the book concept was revised, the editorial board and
Publishing Review Group confirmed, the preliminary milestone dates selected,
and the Steering Comittee approval given to circulate our prospectus to
publishers.
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The 1981 Conference will attend to reviewing the updated status
of the editorial board as to sections or subject-matter areas, outlining
details, and the commitment received fra prospective authors. Again,
the first step is to see where we are in reaching better definition
of our task ahead during this conference and the oiing year. needless
to say, the agreement on new milestones must decidely be an urgent part

6 of our agenda here to assure that there is ample productivity to write and
*i edit the planned sequences of articles or chapters.

Also this year after contacting a relatively respectable number of
prospective publishers, it has been advised that a text, or series of
texts optimistically suggested, clarify features that are distinctively
promoted by the MIA programs. Major book sections and topical areas
can describe interservice and international research priorities fran the

"* military and related research experiences while reviewing the impact
on program management results. Matual and dissimilar problems and solutions
will permit a contrast of research systems and functions and explain the
differences observed. A critical analysis of what we did, currently do, and
intend to do in future activities will present a definitive military
personnel research record and verify the effective continuity achieved in
the reported proceedings.

REPOMrING AND PUBLISHING

While a singular effort is planned to attain the textbook publishing
objective, it is not meant in anyway to detract fran the annual reporting
of the MTA proceedings. Reporting of the papers and programs given each
year lends both incentive and feedback in specific areas at this working-
level conference to expand our military and professional skills (Ellis, 1972).
The content of the proceedings in a sense has to capture the concurrent
task requirements of each participating individual and organization where
personnel problem are assigned for investigation. Publishing in my
discussion, then, is an alternative means by which the Military Testing
Association can review and evaluate its contribution to the long-term
pramntion of military and professional personnel assessment activities
(Abramson, Tittle, & Cohen, 1979).

As was mentioned at the beginning of this paper, the scope of MA
and the enduring quality of participation attract deserved attention in
regard to their prodigious capacity for caomunication and interaction.
Membership is voluntary from year to year but indicates persisting work
orientations, which act as vehicles to expand presentations without necessarily
obtaining the priority of issues to secure the most tangible benefits.
Numerous variables operate to cause the proceedings to be affected by
contemporary problems that do not always encourage authors to find a perspective
to make their articles integrate past and future circumstances. In
reporting the proceedings, I think that most program chairpersons would
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agree, it was extremely difficult to anticipate and organize presentations
to expressly group and sequence papers by anything like a tightly
structured set of subject or topical categories.

In spite of constraints imposed by the reporting format, there
are the fundamental criteria of efficiency and professionalisn which
should recommend exploring potential modifications in publication of th
MTA Proceedings. I would like to solve these questions of whdt and how to
irmrtalize in print, however there is mre to r " * gnq tl-v :oc!uti,_n -
than merely setting up new publication ains. rD cis-Ions to dha.cme the
size, use print or direct microfilm, or design i. ai:Ji-!es -Till
require, perhaps, at least a new concept of what: oui prc:. ,~ ; ua
aspire to. To stimulate this adjustment toward positive rej; ting
changes, the textbook plan for publication continues to stimulate questions
about content, style, and size which are answerable only in reference to
our library of proceedings and its relationship to the field of personnel
assessment psychology.

When the MTA Publishing Review Group has finished discussions with
the Steering Cmmittee and completes its working agenda assignments,
these deliberations may well have implications generally for ? A pub-
lication practices. Certainly wherever the textbook concept experience
takes us, innovative planning results can furnish advisory assistance
to conceive of new program management techniques in guiding suggested
structural changes in the proceedings. Sane members of MPA may not
see any reason in modifying the proceedings as a key organization activity.
Yet it is because of the growing mass of proceedings information that a
textbook concept has triggered the collective imagination. Both the
prospect of digesting the best of TIA and that of having a cmmercial
text appealing to a larger dcmain of personnel research and assessment
users can precede a new phase of MTA growth, professional identity and
publication.

Whenever such an organizational challenge is detected and accepted,
there may follow a few unavoidable consequences. Cbviously, one conse-
quence may cause a constructive difference in MTA program content and
related membership. Another is to verify a realistic and scholarly
foundation fran which the editing of a military personnel research text
follows as an important product, signifying a functionally sound and continuous
basis for our affiliation. And still another is that a longitudinal
review of the organization is invited where its principal reporting and
publishing products are examined.

Our committee was tasked to develop a textbook plan and soon dis-
covered that we had to inventory and review the history and purpose of
MrA Proceedings. Being a new publication group we have attempted to
design a longitudinal appreciation and critique of the proceedings to create
a new type of document. It has been necessary to better understand this
organization and analyze the potential risks in producing a marketable
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textbook. Many details remain before our plan will finally unleash
the designated organizational and professional resources to publish one
or more texts after the 1983 Conference. It is felt that no matter
what our final published product is, the prospects are highly favorable
we shall have progressively modified rA's publishing concepts, products
and organizational objectives.

13
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THE OFFICER CANDIDATE PREPARATORY SCHOOL

An Intense Program that Doubles as a Personnel Assessment Center

Commander John B. Washbush, Ph.D., Head, Professional Development,
Officer Accession Programs Division, Chief of Naval Education and
Training, N-122, Naval Air Station, Pensacola, FL 32504, AV 922-4291

Summary: This paper summarizes the development of the Navy's Officer Can-
didate Preparatory School. Inaugurated on a pilot basis in 1980, two classes
have been conducted at the University of North Carolina, Chapel Hill during two
consecutive summers. Designed as an initiative to increase the number of
minority group members qualified for admission to the Navy's Officer Candidate
Schools, this program provides, during an 8-week period, instruction in
English, mathematics, chemistry and physics, and naval science. In addition,
general military training is provided, including drill, physical training, and
general military indoctrination. As the program has evolved during the pilot
development phase, it can be considered to be akin to a personnel assessment
center, producing an atmosphere very much like an Officer Candidate School and
providing for in-depth analysis and assessment of student learning, skill
building, and motivation. Seventeen students from the 1980 class qualified for
the Officer Candidate School at Newport, RI, and 15 have successfully earned
commissions and are presently serving as officers on active duty. Twenty-four
graduates from the 1981 class qualified for the October 1981 OCS class. The
pilot program is presently under evaluation, but the favorable results achieved
in 1980 have led the Navy to decide to establish the school on a permanent
basis.

BACKGROUND

In early 1980, the Chief of Naval Operations (CNO) asked the Chief of Naval
Education and Training (CNET) to evaluate the concept and feasibility of estab-
lishing an Officer Candidate School (OCS) Preparatory School in 1980. The idea
of such a school was rooted in the commitment of the Navy to improve the repre-
sentation of minority group members in the officer corps. The Navy Recruiting
Command had noted that it was not able to select a considerable number of
highly qualified candidates for OCS because of low scores on the Officer Apti-
tude Rating (OAR).examination (Petho). The OAR is an aptitude test, designed
for use in screening applicants for OCS, developed for the Bureau of Medicine
and Surgery (BUMED) by the Naval Aerospace Medical Research Laboratory (NAMRL).
The OAR consists of two sections, an Academic Qualification Test (AQT) and a
Mechanical Comprehension Test (MCT). Failure to achieve qualifying scores on
the OAR was determined to impact negatively on efforts to increase minority
enrollment at OCS.

Relying on experience gained in recent years with the Naval Enlisted
Scientific Education Program (NESEP) and the Broadened Opportunity for Officer
Selection and Training (BOOST) Program, and aided by the consultation of BUKED
psychologists, CNET was able, for evaluative purposes, to posit two assump-
tions: (1) that the student who would attend the school lacked an appropriate
background and development in language skills, science, mechanical
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comprehension, and mathematics skills required for success on the OAR and in
OCS; and (2) that the OCS Preparatory School experience would positively affect
student performance on the OAR and at OCS.

The assessment also determined that a pilot school could be established at
a Naval ROTC unit during the summer period, relying in part on personnel
assigned to the unit, with academic instruction being provided by temporary
active duty (TEMAC) Naval Reserve officers who were civilian educators appro-
priately qualified in the discipline areas. The school would provide, during
an 8-week period, instruction in English, mathematics, chemistry and physics,
naval science, and general military training. On 25 April 1980, CNO approved
the CNET proposal and established a class convening date of 15 June. The NROTC
Unit, University of North Carolina-Chapel Hill was chosen as the school site,
and, with barely a month's worth of working days, a crash effort began to
implement the CNO directive. On 15 June 1980, 31 students began instruction at
the first Officer Candidate Preparatory School (OCPS).

THE 1980 OCPS

The 1980 OCPS was conducted at the University of North Carolina-Chapel Hill
during an 8-week period commencing 15 June. The host command for the Navy was
the Naval ROTC unit on that campus. Unit personnel serving in key roles
included the commanding officer as officer in charge (OIC), the executive
officer as assistant OIC, the Marine staff sergeant as military/drill instruc-
tor, and unit clerical/administrative personnel. The Naval Military Personnel
Command provided the TEMAC services of an enlisted yeoman for administrative
support and three Naval Reserve officers as English, mathematics, and chemis-
try/physics instructors. CNET provided an active duty minority officer, from
the 24ROTC unit at Savannah State College (an historically black college), who
acted as naval science instructor and division officer/counselor for the stu-
dents enrolled.

Because of the short lead time, curriculum development had to occur simul-
taneously with instruction. The curricular guidance provided to the OIC was
predicated on an academic day commencing at 0800 and ending at 1630, Monday
through Friday, and at 1200 on Saturday. Instruction was to comprise these
academic segments: English including grammar, reading, writing, and listening
skills; mathematics including basic arithmetic skills, progressing through col-
lege level algebra; science including basic principles of physics, chemistry,
and mechanical comprehension; and naval science including naval orientation,
introduction to ships and weapons systems, relative motion fundamentals, and
naval vocabulary. Military drill and physical fitness training were also to be
included. Primary attention was directed to be placed on the academic work in
English, mathematics, and science.

The students attending were selected by the Navy Recruiting Command. They
were all college graduates, were considered to be excellent candidates for OCS,
and had all scored in the range of 24-37 on the OAR (at that time the Recruit-
ing Command was normally requiring scores in excess of 40 for OCS selection).
They were all minority group members (24 Black, 2 Hispanic, 5 other), and 8
were female. They were enlisted by the Recruiting Command in pay grade E-3 and
designated as Officer Candidates Under Instruction (OCUI). Those who completed
the school and were selected would be ordered on to OCS for the October 1980



class convening. Those who failed to complete the school, disenrolled at their
own request, or were not selected for OCS would be discharged from the naval
service.

The stated objective of OCPS was to attempt to produce an academic and mil-
itary environment which would not only lead the student to OCS, but would also
assist in greatly improving their chances for success at OCS and later.
Consistent with this mission, and in light of the stated curricular guidance,
the strategy was adopted to conduct OCPS as an intense and comprehensive review
of English and mathematics and, since few of the students had taken a college
level physics or chemistry course, to concentrate efforts in this area on those
concepts which would have the greatest application to naval systems and which
would perhaps make the greatest contribution toward success at OCS.

The students were organized into one company divided into two platoons.
The typical training day included a physical training period prior to break-
fast, a formal colors ceremony, 2 hours of instruction in each academic area,
1 hour of naval science, a drill/athletics period, and supervised study. A
formal military environment was established, and students were rotated through
a variety of positions of responpibility in the company structure. Students
were issued appropriate unifnrms, and these were worn throughout the training
day. Normal military couresies were observed. All staff members were also in
uniform. Billetin6 and messing were contractually provided by the university,
and the NROTC unit served as the classroom site.

The English Curriculum

The English instructor administered the Gates-MacGinitie Reading Test, sur-
vey F, and an in-class written essay to determine, at the beginning of the
course, the general degree of development and skill of the students. Most of
the students were evaluated as possessIng a competency generally adequate to
the ordinary functions of a naval officer. The instructor was therefore able
to shift from an intended complete grammar review to a review of common trouble
areas. Students with exceptional deficiencies were assigned appropriate indi-
vidual work. Other major elements of the curriculum included vocabular build-
ing, listening and note takin- skills, and Navy correspondence. In-course
testing was by instructor prepared examinations, and periodic essay papers were
assigned and graded.

The Mathematics Curriculum

The mathematics curriculum was designed to provide students with a thorough
review to the level of college algebra. Self-paced, individualized instruc-
tional material was used in the form of the Navy's Mathematics correspondence
courses and supporting texts. The course was designed to provide a balance of

0' emphasis in these areas: symbols, definitions, review of arithmetic and alge-
braic operations, problem solving, vectors, and trigonometric functions. The
Navy's Basic Machines text was used to provide additional work in practical
applications. A positive effort was made to coordinate instruction with the
science instructor. Students exhibited a considerable deficiency in under-
standing geometric concepts, they lacked familiarity with mathematical terms,
concepts, and symbols, and they found translation of word problems into equa-
tions difficult. Significant amounts of instructional time had to be devoted
to these areas of difficulty. Tests were instructor prepared.
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The Science Curriculum

Nearly all of the students had little or no college physics or physical
science, and over two-thirds were similarly deficient in chemistry. This area,
then, was one in which a substantial amount of new learning had to occur. The
course was designed to emphasize physics because of its importance to the study
of ships engineering and weapons systems in the OCS curriculum. The chemistry
portion of the course was conducted during the first two weeks of OCPS, and the
remaining weeks were devoted to physics. Mechanical comprehension was empha-
sized throughout physics, and the Navy's Basic Machines correspondence course
was used to supplement instruction. Physics instruction included vectors,
kinematics, laws of motion, static equilibrium, work, energy, fluids, wave
motion, electromagnetic waves, the photon, nuclear energy, heat and tempera-
ture, and thermal expansion. Considerable emphasis was placed on the topics of
force and acceleration, equilibrium problems, torque, work, power, simple
machines, pressure, and the gas laws because of the relation to mechanical com-
prehension. Vectors, trigonometric concepts, and problem solving proved to be
persistent areas of difficulty for a majority of students during the physics
portion of the course. Considerable flexibility was necessary to allow for
reviewing and slower pacing in areas where students might experience difficul-
ties. Only four-fifths of the originally intended topics in physics were cov-
ered. Testing was by means of instructor prepared examinations and quizzes.

The Naval Science Curriculum

Naval science instruction was designed to provide an introduction to the
major areas of instruction encountered at OCS. Instruction included naval
orientation, ships and weapons systems, relative motion, naval vocabulary and
terminology, and piloting. Every attempt was made to integrate naval science
instruction into the entire scope of OCPS instruction. An example of this was
the use of a film on the basic steam cycle as a training aid in an English
class on note taking. A major objective was to relate both OCPS and OCS
instruction and training to the duties, responsibilities, knowledge, and skills
required of and used by the junior naval officer. Tests were instructor
designed and were intended to assess familiarity rather than mastery. A sig-
nificant problem encountered in this instructional area was the perception held
on the part of the students that this material was not of significance in pre-
paring for a retake of the OAR nor in the determination of whether or not the
student would continue on to OCS.

The Military Program

The military program was intended to provide an appropriate military envi-
ronment that would both improve the capability of the students to successfully
complete all OCS military and physical requirements and would enhance the OCPS
academic instruction. Training in this area encompassed physical fitness,
drill, marksmanship, personnel/barracks inspections, watches and duties, hold-
ing organizational billets, and peer evaluation and counseling. This training
was integrated, to the extent possible, with naval science instruction. In
addition, an objective of the military program was a carry-over of physical
conditioning and growing mental confidence in the classroom.
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Results and Evaluation

Twenty-six students completed OCPS and graduated. Of the original 31, four
disenrolled at own request and one was academically disenrolled. Seventeen
students were recommended for acceptance at OCS and were approved for enroll-
ment by the Recruiting Command. The remaining nine students were processed for
discharge. Fifteen of the students ordered to OCS completed the course, were
commissioned as ensigns, and are now serving on active duty. One student was
academically disenrolled from OCS, and one student disenrolled at own request.
The majority of OCPS graduates attending OCS finished in the lower half of
their graduating class; however, their performance was subjectively rated by
OCS administrative personnel as being equal to that of minorities attending the
school. It is interesting to note that one student, who received an OAR score
of 28 at the end of OCPS, finished OCS standing I0 in the class of 356, and
compiled an academic average of 3.612 (on a 4 scale). An analysis of costs
incurred in conducting OCPS determined that the cost per commission of an OCPS
graduate, in addition to the normal OCS cost to train, was approximately $6600.
The 1980 OCPS program cost approximately $100K.

Detailed statistical analyses were made of OCPS student performance and
scores achieved on administrations of the OAR and the Gates-MacGinitie Reading
Test. These indicators were evaluated by means of correlational analysis for
the students who were commissioned, comparing OCS performance data. While the
sample size was too small to enable global conclusions to be drawn, OCPS tests
administered and academic performance were not predictive while several OCPS
military performance indicators appeared to have been predictive. The OAR
scores and its individual subscores did not predict either OCPS or OCS academic
and military performance grades. This conclusion is logical in that all OCPS
entrants had achieved scores clustered in the lower end of the spectrum. This
being the case, the constraint of restriction in range was expected, and did
prove, to remove predictive validity.

In spite of the somewhat ad hoc nature of the initial OCPS, a close review

of the conduct, operations, and accomplishments of the school led to the inevi-
table conclusion that the essential utility of OCPS lay in that fact that it
provided a suitable environment for the in-depth assessment of potential OCS
candidates who are considered marginal by traditional screening criteria, par-
ticularly the OAR. The most critical and useful aspects of OCPS are the estab-
lishment and maintenance of an OCS-like character. The presence of a pervasive
military environment, the highly structured schedule, and the pressures placed
on the students were considered to be essential to establishing, building, and
assessing the potential and motivation of each student for selection for OCS
and, more importantly, for effective functioning as a naval officer. The inev-
itable conclusion is that, somewhat serendipitously, OCPS is de facto an OCS
candidate assessment center.

The assessment center concept is grounded in evaluation of the behaviors of
people in environments and facing situations which can logically be encountered
in a job or position aspired to. Furthermore, assessment centers have been
found to be both valid and legally accepted methods for screening candidates
for organizational entry-assuming they are properly designed and supervised by
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appropriately trained personnel. In the case of OCPS, the curriculum and
training environment was designed based on the best assessment available of the
needs of the students for success at OCS. In addition, the supervisory and
teaching staff was composed of military personnel who had been both profession-
ally trained and were professionally experienced in the tasks assigned to them
at OCPS. These staff members conducted daily, intensive evaluations of the
students, and frequent evaluative discussions and reports were shared among the
members of the staff. This potential found in the inaugural OCPS had major
impact on the design of the second convening in 1981.

THE 1981 OCPS

Subsequent to completion and evaluation of the 1980 OCPS, CNET recommended,
and CNO approved, extending the pilot development period through a second con-
vening of the school at the University of North Carolina. A thirty-student
loading was again approved. A number of personnel who participated in the ini-
tial OCPS were available for the second convening including the OIC, assistant
OIC, English and mathematics instructors, and several administrative support
people from the NROTC unit. As a result of having a considerably longer lead
time, and with the benefit of hindsight, a number of changes were introduced to
the focus and structure of the school. These changes gave naval science equal
instructional time compared to the academic areas. In addition, naval science
was intentionally made the focus of instruction to the extent possible. This
was done to identify and exploit the relevancies of OCPS to the curriculum and
training program the students could anticipate at OCS. The changing focus of
OCPS is shown in the statements of purposes, goals, and objectives of the pro-
gram as developed prior to the 1981 convening. These statements are listed in
Appendix A.

Except for the changes just noted, the 1981 program was staffed and con
ducted in a manner essentially consistent with that of 1980. Naval Reserve
TEMAC officers taught English, mathematics, and science. A minority officer
from the NROTC unit at Southern University and A&M College (an historically
black college) was assigned on temporary additional duty as division officer/
counselor. However, he was freed of naval science instructional responsibility
because of the decision to make greater instructional use of the officer staff
of the host unit. The host unit enlisted Marine again served as military/drill
instructor. As in 1980, an enlisted yeoman was assigned under TEMAC orders for
administrative support. Additional administrative support was provided by the
host unit.

On 14 June, 33 students commenced instruction at the 1981 OCPS. All were
minority group members (31 Blacks and 2 Hispanics). Twenty-three were male and
ten were female. Their OAR scores ranged from 26-40. Those completing the
school and selected would attend the October OCS class. Others would, as in
1980, be processed for discharge. Compared to the 1980 class, this group was
somewhat older, several being over 30. The students were again organized into
a company of 2 platoons, wore uniforms throughout the instructional day, and
experienced an encompassing formal military environment. Contract services
from the university included berthing, messing, and academic area consulting
services. Classes were again conducted in the NROTC Armory.
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The Naval Science Curriculum

As a result of preconvening planning and in light of the experiences of
1980, the decision was made to enlarge the Naval Science portion of instruction
to make it equivalant in emphasis with the English, mathematics, and science
courses. In addition, to the extent possible, the academic courses would
attempt to orient their objectives toward supporting the student's ability to
master the naval science curriculum. The goal was to attempt to expose the
student to the subject areas taught at OCS. Subject matter covered included
naval orientation, naval engineering, naval weapons, navigation, and naval
operations. A major problem noted in this curricular area was the difficulty
most students had in making practical application of skills and concepts devel-
oped in mathematics and science. Great difficulty was encountered with con-
cepts involving spatial perception. The presence of these problems validated
the concern and actions taken to integrate the curricular areas with naval sci-
ence, and they indicate the need for continuing attention to these problems in
OCPS curriculum development.

The English Curriculum

The English curriculum was closely modeled on that of 1980. Instruction
Z was provided in vocabulary, grammar, briefing exercises, Navy correspondence,

composition, and listening and note taking skills. As in 1980, the majority of
students were moderately skilled in English; however, about 20% showed signifi-
cant gramnar deficiencies. Results of the administration of the Nelson-Denny
Reading Test (forms C and D) indicated that 25% of the students read below the
11th grade level in either vocabulary or comprehension. The addition of the
briefing exercises, in which students had to prepare, give, and critique briefs
on subjects chosen from naval professional journals, was a very effective
adjunct to the English program.

The Mathematics Curriculum

Substantial modifications were made to the initial mathematics curriculum,
although the general objectives and scope of the program were consistent with
that developed in 1980. Attention was particularly focused on practical prob-
lem solving requiring the construction and use of mathematical models (equa-
tions). Students with advanced mathematics abilities were able to pursue
advanced topics in mathematics, and two did so; the remainder pursued a course
of study in basic algebra at the college level, A persistent problem encoun-
tered throughout the course was difficulty in comprehension and translation of
word problems. Where practical to do so, problems were related to course work
in science and in naval science.

The Science Curriculum
0

As in 1980, the students were very deficient in prior exposure to physics,
physical science, and chemistry. Therefore, this area was again one in which
substantial new learning had to occur. The science course was conducted in
substantially the same manner as in 1980, an introductory overview of important
concepts from chemistry, major emphasis on physics, and, within the physics
course, emphasis on topics related to mechanical comprehension. A major change
in the curriculum was in the addition of 10 hours of physics laboratory experi-
ments. The Basic Machines correspondence course was again used in support of
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physics instruction. Students displayed the same difficulties with mathemati-
cal concepts, problem conceptualization, and problem solving that were noted in
1980. These difficulties again required the exercise of considerable flexibil-
ity for reviewing and slower pacing. Because of some reduction in classroom
time caused by the increased time devoted Lo naval science and because of time
spent in laboratory sessions, some subjects (e.g., magnetic fields, light, and
nuclear physics) were forced off the schedule. The importance of physics to
the technical nature of many of the studies undertaken at OCS and the problems
experienced in OCPS with subject matter crowding, slow rates of student prog-

*ress, and sequential integration with mathematics and naval science subject
matter underscore the fact that the science curriculum will, of necessity,
undergo considerable scrutiny and modification as OCPS evolves.

The Military Program

The military program was essentially the same as that of 1980. The program
was supervised by both the assigned division officer, who had no naval science
teaching assignments, and the enlisted Marine attached to the NROTC unit. The
concept of a pervasive military environment was once again reestablished, and
military training included drill, physical training, counseling and evaluation,
marksmanship, inspections individual and group competition, watch standing,
leadership training, and selected topics from naval administration. The gener-
ally positive aspects noted in the 1980 military program were again seen, par-
ticularly in the development of positive motivation and personal confidence.

Results and Evaluation

Twenty-nine students completed the 1981 OCPS, four having withdrawn at
their own request. Twenty-four students were approved by the Recruiting Coat-
mand for continuation to the October OCS class. The remaining five graduates
were processed for discharge. Although the OAR was readministered at the end
of the course of instruction, these results were virtually unused in the final
evaluation of students. In the 1980 class, improved performance on the OAR was
given the status of a program objective; in 1981 it was not. The difference in
philosophy had no major impact on the performance of either group. In 1980,
the class improved an average of 3.25 points and five students scored 40 or
higher. In 1981, the class declined an average of 2.54 points and four stu-
dents scored 40 or higher. At the completion of both classes, therefore, the
OIC and the staff of the school based their evaluations on whole-person assess-
ments using all OCPS performance data. The reconmendations of the OIC were the
product of these detailed and lengthy staff deliberations. Thus, the assess-
ment center concept, postulated after the completion of the 1980 class, became
the primary assessment tool in 1981. The incorporation of the concept was made
even more valid by the change in curricular focus toward ruval science and the
conscious effort to make the entire education/training experience clearly rele-
vant to the environment of OCS.

In an effort to provide a greater basis for analysis, a number of different
types of tests were administered to OCPS in 1981. These included the Nelson-
Denny Reading Test (form C and D), the Strong-Campbell Interest Inventory
(merged form of the Strong Vocational Interest Blank, form T325), the Armed
Services Vocational Aptitude Battery (ASVAB), the OAR, and the Objective Test
and the Activity Inventory under experimental development by American College
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Testing (ACT) Program in its College Outcome Measures Project (COMP). Data
from all these sources will be analyzed in detail, including an assessment of
relationships to both preparatory school and OCS performances. This analysis
will be completed in March of 1982, subsequent to completion of the OCS class
entered by 1981 OCPS graduates.

While members of the Military Testing Association are generally familiar
with most of the tests identified, the ACT COMP program is not likely so well
known, and, therefore, some descriptive comments are in order. The College
Outcome Measures Project was organized in 1976 by ACT for the purpose of
designing, developing, validating, and implementing assessment instruments that
would measure general education outcomes (general knowledge and skills), with
particular emphasis on the ability of the student to apply knowledge and skills
to adult life situations. Participating in the development of COMP were
Alverno College, Florida International University, Governors State University,
Mars Hill College, Our Lady of the Lake University, the State University System

of Florida, the Tennessee Higher Education Commission, Brigham Young Univer-
sity, Delaware County Community College, and Tennessee Technological
University. The outcomes to be assessed in CORP included:

-Development of assessment instruments to measure outcomes for which no
adequate tests currently existed

-Initial focus of measurement on cognitive characteristics

-Assessment of the more generic college outcomes and not the more
discipline- or content-specific outcomes

-Assessment of the learning outcomes expected of the general education
components of postsecondary curricula

-Assessment of outcomes relevant to effective functioning in a variety
of adult roles

The development of COMP has identified and focused on six major areas of
general education: Functioning Within Social Institutions; Using Science and
Technology; Using the Arts; Communicating; Solving Problems; and Clarifying
Values. Greater elaboration on these outcome areas is provided in Appendix B.

There are three COMP instruments available for use: the Composite Examina-
tion; the Objective Test; and the Activity Inventory. The Composite Exami-
nation is a series of 15 simulation activities based on realistic stimulus
materials. For some questions, examinees must provide their own answers in
written or oral form; for others, they mus. select from among several answers.
Scoring is done by faculty raters using standardized scales. Although this
examination is modularized, it is lengthy to administer and requires special
faculty training for scoring. It was therefore considered too cumbersome and
time consuming for use at OCPS.

The Objective Test was designed as a proxy measure for the Composite Exami-
nation. ACT has determined that probable group performance on the Composite
Examination can be predicted accurately from performance on the Objective Test.
This test has the advantages of being less expensive, less time consuming,
easier to administer, and it can be computer scored. The Objective Test
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has not been evaluated as a tool for making decisions about individuals, and it
does not generate four subscores in communicating (writing, speaking, comput-
ing, reading) which are provided with the Composite Examination. This test
also consists of 15 simulation activities, and all questions are posed in a
multiple-choice format. The test is modularized, and it yields a General Edu-
cation total score plus subscores in the six COMP areas. For experimental pur-
poses, this test was administered to the 1981 OCPS students during the first
week of classes.

The COMP Activity Inventory is specifically designed to measure the quality
and quantity of individuals' participation in various key activities in each of
COMP's six major outcome areas. By implication, it measures acquired general
knowledge and skill as well as capabilities and motivational predispositions.
This Activity Inventory is modularized, provides scores for General Education
and subscores in the six COMP areas, and is computer scored. For experimental
purposes, this Inventory was also administered to the 1981 OCPS students.

Analysis of COMP data is incomplete at this time; however, several inter-
esting findings are apparent. On the Objective Test, as a group the 1981 OCPS
students performed at the lower end of the spectrum with respect to the norming
group (3562 seniors at 41 institutions). Percentiles ranged from 24 (total
score) to 33 (communicating) in all seven scoring areas. This is consistent
with the scores obtained on the OAR, also at the lower end of the spectrum.
Differentiating the OCPS students by major category, social science majors
(30th percentile) outscored arts/humanities majors (22nd percentile) outscored
natural science majors (15th percentile) on the basis of group mean total
score. Most interesting was the fact that, as a group, the 24 students
selected for OCS outscored the nine who withdrew or were not selected. This
relationship is even more pronounced in the case of seven of those nine. Ths,
it appears that it may be possible to establish expectancy tables for siccess-
ful performance at OCPS using the COMP Objective Test. This finding stggests
that further experimental evaluation with that test is highly desf !!d-.

In the case of the Activity Inventory, mean scores ranged from the 26th
percentile (using the arts) to the 52nd percentile (communicating) compared to
a norming group of 266 seniors at 11 institutions. The mean total score was at
the 34th percentile. On a total score basis, arts/humanities majors (46th per-
centile) outscored social science majors (35th percentile) outscored natural
science majors (24th percentile). Data on the Inventory did not suggest pre-
dictive potential for a success/nonsucess criterion. Continued experimental
use of the Inventory is doubtful; however, the data from both the Objective
Test and the Activity Inventory will be compared to OCS performance criteria
before final continued use decisions are made.

PROGNOSIS

The Chief of Naval Operations has determined that the OCPS will be estab-
lished as a permanent school in Fiscal Year 83. It is also intended that an
interim school will be conducted in 1982. At this writing, siting recomnenda-
tions are being evaluated. It is anticipated that the permanent school will
see an annual input of 400 students in six 8-week classes. While considerable

1244



curricular revision and development will occur with increasing experience, the
basic model developed in the pilot phase will continue. It is this writer's
hope and recommendation that the primary objectives of the permanent OCPS will
remain (1) training/education and (2) evaluation. To that end, the assessment
center nature of OCPS needs to be documented, evaluated, and exploited in the
long term. If this is done, it will provide the greatest value and most sig-
nificant potential in OCPS.
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OFFICER CANDIDATE PREPARATORY SCHOOL

PURPOSES AND GOALS

To prepare candidates academically, militarily, and motivationally, and to
determine their overall qualifications for admission to the Navy's Officer
Candidate Schools

To establish a sound basis for success in officer candidate training and in a
naval career

OBJECTIVES

To provide the candidate with an academic program of instruction in English,
mathematics, and physical science which will prepare him/her for a comprehen-
sive program of study and training in naval science, particularly in its tech-
nical aspects

To prepare the candidate with a basic orientation to the naval service; naval
custom, traditions, and values; and to Navy career options and opportunities

To provide the candidate with a basic understanding of the role and function of
the officer in naval organizations and to foster the development of motivation
for assuming officer responsibilities

To provide the candidate with the ability to comprehend:

-Basic concepts of naval ship systems, including the steam cycle, propul-
sion systems, ship design, stability and bouyancy, and damage control

-Basic concepts of naval weapons systems, including radar and sonar funda-
mentals, weapons propulsion and guidance, warheads, and weapon types

-Basic concepts of piloting and celestial navigation, including the ability
to successfully perform a comprehensive piloting exercise

-The elements of relative motion and to enable him/her to successfully per-
form practical maneuvering board problems

To conduct general military training to prepare the candidate physically and
militarily for admission to the officer candidate schools

To establish a military environment which will promote discipline, provide for
opportunities in the exercise of military organizational responsibilities, and
foster learning

To develop the study, verbal, and comunication skills necessary to success in
the officer candidate schools and as an officer

To provide positive interaction with officer role models
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APPENDIX B

THE SIX MAJOR AREAS OF GENERAL EDUCATION AS DEFINED IN COMP

I. Functioini within Social Institutions. Can identify those activities and
institutions which constitute the social aspects of a culture; understand the
Impact that social institutions have on individuals in a culture; analyze one's
own and others' personal functioning within social institutions.

2. Using Science and Technology. Can identify those activities and products
which constitute the scientific/technological aspects of a culture; understand
the impact of such activities and products on the individuals and the physical
environment in a culture; analyze the use of technological products in a cul-
ture and one's personal use of such products.

3. Usins the Arts. Can identify those activities and products which consti-
tute the artistic aspects of a culture; understand the impact that art, in its
various forms, has on individuals in a culture; analyze use of works of art
within a culture and one's personal use of art.

4. Comunicating. Can send and receive information in a variety of modes,
within a variety of settings, and for a variety of purposes.

5. Solving Problems. Can analyze a variety of problems; select or create
solutions to problem; and implement solutions.

6. Clarifying Values. Can identify one's personal values and the personal
values of other individuals; understand how personal values develop; analyze
the implications of decisions made on the basis of personally held values.
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Weeks, Joseph L., Air Force Human Resources Laboratory, Brooks Air Force
Base, Texas. (Tues. P.M.)

The Development and Application of Measures of Occupational Learning
\..Difficulty

'The optimal allocation of talent requires, among other consider-
ations, the measurement of both enlistee aptitudes and job aptitude
requirements. Although objective procedures are available to measure
aptitudes accurately, job aptitude requirements have traditionally been
determined by global judgment. The Air Force Human Resources Labo-
ratory has developed a measurement procedure which provides an empir-
ical basis for inferring relative aptitude requirements. It is based
on occupational information collected at the task level. The measure
issuing from this procedure is referred to as learning difficulty and
represents the time it takes to learn to perform the occupation satis-
factorily. This presentation will focus on the development of the
measurement procedure, the derivation of learning difficulty measures
for enlisted occupations, and potential management applications of the
data.
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The Development and Application of Measures of
Occupational Learning Difficulty

Joseph L. Weeks
Manpower ana Personnel Division

Air Force Human Resources Laboratory
Brooks Air Force Base, Texas

One of the major organizational goals of the Air Force and one of the
greatest challenges for Air Force management is the optimal allocation of
talent. The most talented enlistees must be assigned to the most demanding
occupations. Historically, Air Force occupational classification has been
accomplished by reference to measures of enlistees' aptitudes. Today, entry
into enlisted occupations is largely governed by minimum aptitude requirements
expressed in terms of percentile score cut-offs on the mechanical,
administrative, general, or electronics aptitude index of the Armed Services
Vocational Aptitude Battery (Weeks, Mullins, and Vitola, 1975). The problem
which serves as the subject of this presentation concerns misalignments in the
levels of minimum aptitude requirements as presently established by Air Force
Regulation (Note 1, Air Force Regulation 39-1).

Originally, aptitude requirements were established on the basis of expert
judgment; however, once they were available more rigorous and defensible
procedures were adopted. Today aptitude requirements are established ana
modified on the basis of studies of the relationship between enlistees,
aptitudes and their performance in Air Force technical training. Correlations
between different aptitude indexes and measures of training performance are
examined to identify the most appropriate aptitude index to use for stating
minimum aptitude requirements. The aptitude index having the greatest
relationship with training performance is considered most indicative of
training success and therefore most appropriate for specifying occupational
aptitude requirements. After the aptitude type is determined, the minimum
level of aptitude is established by reference to training course pass/fail
rates (Maginnis, Uchima, & Smith, 1975a, 1975b, 1975c). For example, high
course failure rate is considered a sufficient basis for increasing the level
of the associated aptitude requirement. Although this approach appears to be
both reasonable and defensible, it has serious deficiencies. The major
problem is that standards of successful training performance appear to vary
from course to course. Nevertheless, pass-fail rates are considered
comparable when used for establishing minimum aptitude requirement levels. To
further aggravate the problem, unsuccessful trainees may be recycled through
the training course until they are successful. This transforms a training
failure into a training success and directly changes the course pass/fail rate
so that it is confounded with training time. In summary, course pass/fail
rate is both a non-standardized and a confoundeo measure of training
performance and, as such, is a totally unsatisfactory basis for setting
minimum aptitude requirement levels.

Scope of Problem

The problem has both an extensive and critical impact on the Air Force
personnel system. Its effect is not limited to the training arena. There are
immediate effects on personnel procurement. For example, when aptitude
requirements are lowered the number of eligible applicants for a given
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occupation typically increases. Alternatively, when aptitude requirements are
raised, the number of eligible applicants decreases. The adjustment of
aptitude requirements has a direct effect on occupational selection ratios.

In addition, inappropriately established aptitude requirements can have an
adverse impact on job attitudes. Locke (1976) suggests that individuals
assigned to jobs that do not fully utilize their talents tend to experience
boredom. On the other hand, individuals assigned to jobs that require more
talent than they have tend to experience frustration. To the extent that
boredom and frustration contribute to job dissatisfaction, a lack of
correspondence between the demands of the job and the associated aptitude
requirement may indirectly contribute to increased attrition and decreased
retention. Clearly, occupational aptitude requirements are critical
parameters in personnel procurement, training, and utilization. Every effort
must be made to insure that they are established systematically and with
reference to the most accurate, empirical information available.

Approach

In the early 70's, the Air Force Manpower and Personnel Center requested
that the Air Force Human Resources Laboratory (AFHRL) conduct research to
develop a more objective means of establishing relative aptitude
requirements. In response to this request, research was initiated which was
based on the philosophy that the occupation, rather than the training course,
was the most desirable source of information for making decisions concerning
aptitude requirements. The proposed approach to setting relative aptitude
requirements involved the derivation of measures of the learning difficulty
associated with each enlisted occupation. These measures of occupational
learning difficulty were to serve as the frame of reference for inferring
relative aptitude requirements for occupations in the same aptitude area; that
is, occupations having a common aptitude requirement type. Notice that the
emphasis is on relative levels of aptitude requirements; the determination of
aptitude requirements in absolute terms was not considered to be an attainable
goal given the state of the art.

In this context, occupational learning difficulty was definea as the time
it takes to learn to perform an occupation satisfactorily. This definition
was adopted only after research (Mead, 1970a, 1970b; Mead and Christal, 1970;
and Lecznar, 1971) indicated that work supervisors achieved a high level of
agreement about learning difficulty when it was defined in terms of learning
time. After this definitional problem was resolved, the next major issue
involved the relationship between learning difficulty and aptitude. The
importance of this relationship originates with the proposal that learning
difficulty be used as the standard for inferring relative aptitude
requirements. Clearly, this assumption is basic to the entire approach.
Christal (1976) argues that indirect evidence in support of the relationship
issues from training research. He indicates that when training time is
constant, the amount of material mastered is positively related to aptitudes.
Alternatively, when students are trained to some standard of performance and
are allowed to progress through training at their own rate, training time is
negatively related to aptitudes. Direct evidence of the relationship between
time to learn occupational tasks and required task aptitude was provided by
Fugill (1972). He reported correlations that range from .89 to .93 between
supervisors' judgments of time to learn occupational tasks and behavioral
scientists' judgments of the aptitude required to insure satisfactory
performance of the tasks. Fugill (1972) concluded that relative task aptituue
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was conceptually inseparable from relative task difficulty when difficulty is
defined in terms of learning time. Additional evidence in support of the
relationship between aptitude and learning rate is readily available in the
area of eductional research. Studies by Krumboltz (1965), Cronbach and Snow
(1977), Block and Anderson (1975), and Gettinger and White (1979) all lena
support to the notion that aptitudes are related to learning time.

Once the generai strategy was adopted, the next step was the development
and application of a procedure to obtain measures of occupational learning
difficulty. The procedre that was developed is both highly technical and
relatively complicateJ. Although only a brief summary of the procedure will
be provided, detailed technical discussions are available in a formal report
by Burtch, Wissman, and Lipscomb (1981), and in a paper presented by Weeks and
Wissman (Note 2, 1980) at the Third International Occupational Analysts
Conference.

The initial step in determining the learning difficulty of an occupation
is to perform an occupational analysis. The occupational analysis technique
employed was the task inventory approach supplemented by the Comprehensive
Occupational Data Analysis Programs (CODAP). This technique consists of first

- having job experts. analyze occupations into distinct functional areas of
interrelated activities (e.g., duties) and then having them further analyze
duties into meaningful units of work recognizable to the worker (e.g.,
tasks). This technique is routinely employed by the Air Force Occupational
Measurement Center (USAFOMC) to develop task inventories descriptive of Air
Force occupations. Task inventories are then used to survey occupational
incumbents to obtain ratings of the time spent on tasks they perform and to
survey occupational supervisors to obtain task by task ratings of learning
difficulty.

In deriving measures of occupational learning difficulty, task time spent
ratings and task difficulty ratings collected by USAFOMC were two of three
different types of occupational information employed. The third type of
occupational information was obtained through contract with a private research
firm. Private contractors also provided ratings of task learning difficulty.
These additional task ratings were needed because work supervisors' task
difficulty ratings were not comparable across occupations. Supervisors' task
ratings provided information concerning the relative order of tasks within
occupations. This stems from the fact that supervisors used simple, relative
rating scales in rating task difficulty. Contractors, on the other hand,
provided ratings of task learning difficulty which were based on task
anchored, benchmark rating scales (Burtch, Wissman, and Lipscomb, 1981). The
benchmark rating scales were designed to capture the range of learning
difficulty characteristic of all tasks in all occupations in an aptitude area
and, as a result, yielded ratings of task learning difficulty that were
comparable across occupations. Benchmark task ratings were collected for the
ultimate purpose of adjusting supervisors' task ratings so that they would be
comparable across occupations.

In obtaining benchmark task difficulty ratings, an unusually rigorous set
of requirements were imposed. The contractor was required to select raters
who had expert knowledge of occupations in each aptitude area. Next, the
raters were intensively trained in the application of the benchmark rating
scales. To help in the training process, procedural guides were developed
which provided detailed information concerning the steps to be followed in the
actual rating process, the criteria to be used in assessing task learning
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difficulty, and the interpretation of the anchor tasks which define the level
of difficulty associated with each point on the benchmark rating scales.

In the application of a benchmark scale to tasks from a selected
occupation, the first step was to interview instructors of training courses
associated with the occupation. Interviews were conducted to clarify
misunderstandings concerning task statements and to collect information
concerning the equipment used in task performance. After training instructor
interviews were completed, the contractor raters were divided into two teams.
Each rating team visited a different operational site to interview occuational
incumbents and gather additional information concerning the task assessment
criteria. After becoming thoroughly familiar with both the tasks to be rated

and the benchmark scale anchor tasks, each team member independently provided
benchmark ratings of task learning difficulty.

The final step in the rating process was to analyze the ratings for
reliability and validity. If established standards of reliability ana
validity were attained, benchmark task ratings were then averaged across
raters and used to adjust average task ratings of learning difficulty provided
by occupational supervisors. The final product was an adjusted learning
difficulty rating for each task in the job inventory. Adjusted learning
difficulty ratings are, therefore, based on judgments from both occupational
supervisors and independent experts and can be used to compare the difficulty
of tasks both within and across occupations.

Results

Examples of the reliability of both benchmark and supervisor ratings are
provided in Table 1. Using the intraclass correlation technique described by
Lindquist (1953), estimates of interrater reliability were calculated. The
Spearman-Brown formula was then employed to obtain estimates of reliability
for 14 raters per task for the benchmark ratings and for 40 raters per task
for the supervisor ratings. Table 1 presents the range and median Rkk
values for several occupations in each aptitude area. These data indicate
that high agreement can be achieved by both occupational supervisors and
independent experts when scaling tasks along the dimension of learning
difficulty.

Table 1. Interrater Reliability of Supervisor and

Benchmark Ratings of Task Learning Difficulty

Summary Statistics

Aptitude Benchmark Ratings Supervisor Ratings
Area Range of Rkk Median Rkk Range ot Kkk Median Rkk

Value Value

Mechanical .89 - .98 .95 .93 - .97 .96

Electronics .94 - .98 .97 .93 - .99 .96

General/
Administrative .93 - .98 .96 .93 - .98 .96

Note. Reliability statistics are provided for 25 mechanical
occupations, 18 electronics occupations, and 55
general/administrative occupations.
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The accuracy of the benchmark rating procedure was confirmed by convergent
validation (Campbell and Fiske, 1959). Correlations between relative ratings
of task learning difficulty provided by occupational supervisors and benchmark
ratings of task learning difficulty provided by the indepenaent experts were
derived for occupations in each aptitude area. The range of correlations and
median correlation obtained in each aptitude area is presented in Table 2.
These data suggest convergence of judgments of task learning difficulty by
independent methods and from independent sources and provide evidence in
support of the validity of the benchmark rating procedure.

Table 2. Correlations between Supervisor and
Benchmark ratings of Task Learning Difficulty

Aptitude Range of Median N
Area r r Occupations

Mechanical .58 - .88 .81 25

Electronics .54 - .96 .84 18

General/
Administrative .54 - .95 .77 55

Once adjusted ratings of learning difficulty were available for all tasks
in the inventory, the next step was to develop a procedure for combining them
to represent the learning difficulty of the entire occupation. It was
decided that a weighted sum of all tasks in the inventory was the most
desirable approach. Also, because tasks are performed different amounts of
time by different incumbents within the same occupation, learning difficulty
was derived on an incumbent by incumbent basis. In so doing, the adjusted
learning difficulty rating for a given task is weighted by the percent of time
spent performing that task by a given incumbent. The sum of these products
for all tasks performed by the incumbent is divided by a scaling factor and is
considered the index of learning difficulty for that incumbent's position. To
derive a global measure of learning difficulty representative of an

* occupation, learning difficulty indexes can be averaged across the incumbent
population or any specified incumbent sample. For the purposes of this
research, estimates of occupational learning difficulty were produced by
averaging across incumbents in the first term of service. This procedure was
dictated by the objective of the research and the management policy of
assigning occupational aptitude requirements so that they correspond to entry
level positions.

To date, measures of occupational learning difficulty have been proouced
for over two hundred enlisted occupations or Air Force specialties (AFSCs).

* For example, Figure 1 presents the relative order of learning difficulty of
sample occupations in the general/administrative aptitude area and the
associated minimum aptitude requirement as they are listea in Air Force
Regulation 39-1 (Note 1, 1981). The horizontal bar next to each occupation
represents + 1 standard deviation about the mean learning difficulty for that
occupation.- The vertical hashmark on each bar represents the mean. The
position of the bar along the horizontal dimension indicates the relative
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learning difficulty of the occupation with bars located on the right side of
the figure being higher in learning difficulty than bars located on the left.
Comparisons of the relative order of learning difficulty with the relative
order of aptitude requirements indicate misalignments of aptitude requirements
with respect to learning difficulty. For example, weather specialist is
assigned a higher aptitude requirement than contracting specialist even
though the learning difficulty of the weather specialist occupation is lower
than that for contracting specialist. Also, note that the learning difficulty
for air passenger specialist and materiel facilities specialist is the same;
yet, the associated aptitude requirements are different. This example is
useful in demonstrating the major limitation associated with the use of
occupational learning difficulty for inferring relative aptitude
requirements. Although learning difficulty provides a valuable reference
point for evaluating relative aptitude requirements, it provides no basis for
inferring absolute aptitude requirements. Accordingly, we can conclude that
the aptitude requirement for air passenger specialist and materiel facilities
specialist should be the same but we can make no legitimate inferences with
respect to whether the aptitude requirement should be either 40 or 50.

In addition to revealing inaccuracies in the relative levels of aptitude
requirements, Figure 1 also indicates that the variability in learning
difficulty is quite different from one occupation to the next. For example,
the variability of learning difficulty for weather specialist is nearly twice
the variability of learning difficulty for contracting specialist. This
suggests the possibility of restructuring the weather specialist occupation
into two separate jobs, each having different aptitude requirements, and/or
redesigning the occupation or occupational tasks so that the associated
learning difficulty is less variable.

Conctusions

A number of different conclusions can be based on these results. First,
knowledgeable judges can reach high levels of agreement concerning therelative learning difficulty of work tasks when learning difficulty is defined

in terms of learning time. This was demonstrated in situations where
judgments were provided by work supervisors and in situations where judgments
were provided by independent experts. Second, benchmark rating scales were
designed to capture the range of learning difficulty of all tasks in an
aptitude area. The data indicate that the proper application of the benchmark
rating scales produced valid measures of task learning difficulty. This was
demonstrated by showing substantial convergence between supervisors' judgments
of task difficulty based on relative rating scales and independent experts'
judgments of task difficulty based on benchmark rating scales. Third, there
is some degree of inaccuracy in the occupational aptitude requirements stated
in Air Force Regulation 39-1 (Note 1, 1981). This was demonstrated by showing
that some occupations assigned high aptitude requirements were found to be of
lower learning difficulty than other occupations assigned lower aptituae
requirements. Fourth, the variability in learning difficulty of entry level
positions in some occupations is so great that occupation specific
investigations appear to be warranted to determine the desirability of job
restructuring and/or job redesign.

In general, it appears that the talent available to the Air Force is not
being allocated in the most optimal manner. This may have been a relatively
minor problem in the past; the Air Force has encountered few difficulties in
recruiting its share of the available talent. However, projected decreases in
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the number of available applicants in primary recruiting age groups suggest a
growing urgency of this problem and the need for a more refined method of
assigning aptitude requirement minimums.

Reference Notes
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This paper describes a study of the selection procedures used by the
Royal Canadian Mounted Police, with emphasis on the concurrent
validation of two paper and pencil tests. The first, the Education
Test, consists of five subscales: mathematics, geography and science,
social studies, general knowledge, and language. The second, the
Psychometric Test adapted from the Army "M", has been used by the RCMP
since 1945. It consists of a verbal and a non-verbal scale. Both
tests were translated into French. Other components making up a
weighted selection standard were also examined. Two criteria were
chosen: academic results during the six-month training program, and
yearly performance appraisals. Both tests had satisfactory
reliabilities. As for the validities, test scores correlated with
academic training results, but not job performance. Differential
reliabilities and validities were found for the English and French
versions. The implications of this study for selection of
policepersons are discussed.

The views expressed in this paper are those of the authors and not

necessarily those of the Solicitor General of Canada.

INTRODUCTION

This study consists of a validation of two paper and pencil tests,
the Education Test and the Psychometric Test, which are being used by
the Royal Canadian Mounted Police in the selection of recruits. Since
both tests have been in use for some time (the Psychometric since
1945, the Education since 1964), it was felt that they should be
evaluated. The impetus for this was partly derived from a need to have
defensible instruments in case of claims of test bias, and partly from
a desire to see if any improvements could be made to the selection
process.

Selection procedures
In selecting recruits, the RCMP draws from a potential candidate

pool which largely consists of 18-20 year old high school graduates who
are in good physical condition, and who meet certain other basic
criteria such as Canadian citizenship, possession of a driver's
licence, etc. Applicants who meet these basic requirements are asked
to take the Education Test. If they achieve a minimum score, they
return to take the Psychometric Test, and to be interviewed. The
interview, which can last for up to three hours, covers major aspects
of the applicant's life history such as school, family, work, and
leisure. In addition to the interview, an extensive background
investigation is carried out by RCMP field staff.
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Each component of the selection process is given a weight, and
points assigned to each candidate. This point system is known as the
Weighted Selection Standard. In addition to the components previously
described, it includes variables such as height, level of education,

second language capability, and previous police experience. The
largest single contributor to the point total is that portion derived
from the interview.

As a result of this process, those applicants who are found to be
acceptable are so informed, and placed on a waiting list where they
remain for a period of up to approximately two years. Successful
applicants are then called in when needed, and given a rigorous medical
and a further field character investigation. Finally, they are sent to
the training program.

Training program
All recruit training is carried out at RCMP Depot, Regina,

Saskatchewan. This consists of a six month residential program, made
up of classroom lectures, workshops, drill, firearms use, etc. A
six-month on-the-job training period follows this initial program.
After successful completion of training the recruit is posted to a
regular unit.

Test in use
The first test, the Education Test, was designed in 1964 and later

translated into French. It consists of five subscales; mathematics,
geography and science, social studies, general knowledge, and language,
and is administered on a timed basis - 3 hours. There are 100 items in
all.

The second test, the Psychometric Test, was constructed in 1945
(Ferguson, Note 2) and also translated into French at a later date. It
is based on the earlier Army "M" test, and consists of 60 verbal, and
40 non-verbal (figure analogy) items. Twenty-five minutes are allowed
for the first part and 20 minutes for the second. This test was
standardized on a sample of 1250 RCMP members in 1945. Only one
version of each test is in use.

Previous studies
A number of studies (BMC, Note 1; Fraser, Note 3; Monsbraaten, Note

5) were carried out in the period 1945 to 1976 describing various
aspects of the tests. These studies found reliability coefficients
ranging from about .40 to about .80. All of the studies were done
using serving members rather than applicants. None of the studies
attempted a rigorous validation although one, the BMC study, reported a
validity coefficient of 0.20 for recruit academic training. No study
took into account the fact that restriction of range was present due to
the tests being used as part of the selection process.
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Intent of present study
The present study was designed in order to meet the following major

objectives:
(a) to determine the reliability of the two tests;
(b) to determine the validities of the tests in terms of

training results and job performance;
(c) to check on the equivalence of the English and French

version of the tests; and
(d) to examine other aspects of the selection process to see

whether any modifications were required.

METHOD

The fact that the tests had been used in the selection process for
some time (35 years for the Psychometric Test) imposed a certain number
of constraints on the study design. First, the Education Test was not
administered to all candidates, but only to those that passed the
preliminary screening; second, the Psychometric Test was only
administered to those who scored above a certain point on the Education
Test. Both of these circumstances lead to restriction of range
problems at various points in the study. In addition, organizational
constraints made it impossible to suspend the use of the tests in the
selection process, necessitating the use of a concurrent rather than a
predictive validation design.

For these and other reasons, the study was divided into two parts:
(1) test reliability and (II) test validity; the data for each coming
from a different subject pool.

It should be noted that the number of subjects used in each part of
the study varies. This resulted from the use of as many cases as
possible for each stage of the analysis.

Part I. Reliabilities

Subjects
Part I, the reliability study, used as subjects a random sample from

all applicants tested during the years 1978 and 1979. Data were drawn
from 646 applicants files which contained the original answer sheet for
the Education Test and the marking sheet of the Psychometric Test.
After cases containing missing data were deleted and the files
separated into English and French language tests, a total of 627 cases
remained. Since there were few females, these data were pooled with
the male applicants after a preliminary analysis showed no differences.
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TABLE 1
Descriptive statistics and reliabilities of Education Test
(applicant data)

English French

Sample Size 279 342
Mean 63.9 63.1
Standard Deviation 12.0 10.4

Odd-Even Reliability 0.89 0.85
Kuder-Richardson 20 0.88 0.83

TABLE 2
Descriptive statistics and reliabilities of Psychometric Test
(applicant data)

English. French

Sample Size 148 209

Mean
Verbal scale 40.3 33.1
Non-verbal scale 28.9 26.9
Total score 69.2 60.0

Standard Deviation
Verbal scale 8.1 8.9
Non-verbal scale 5.3 6.2
Total score 12.1 13.5

Odd-Even Reliability
Total 0.89 0.92

Kuder-Richardson 20
Verbal scale 0.86 0.86
Non-verbal scale 0.77 0.81
Total score 0.89 0.90
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After the tests had been re-scored, summary descriptive statistics,
test score distributions, item parameters, and reliability coefficents
for each language version of the two tests were calculated. Two
reliability coefficients were used: Kuder-Richardson 20 and the split
half (odd-even), corrected by the Spearman Brown formula. While both

*'- mtests were administered on a timed basis, an examination of the item
statistics showed that most people attempted all items thus lessening
the effect of speeding on the obtained reliabilities.

A summary of the test statistics and reliabilities are given in
Tables I and 2. A discussion of these data will be found in a later
section.

Part II. Validities

Subjects
The data used in this part of the study were derived from files of

regular members of the RCMP engaged in the years 1975 to 1979. A
total of 3342 files were initially included, with about one-sixth of
the members having French as their first language. As in the
reliability study, the data from the two language groups were analyzed
separately. Data from male and female members were pooled after a
preliminary analysis showed no significant differences.

Criteria
The criteria used in this study are: (1) overall academic

performance as reflected by achievement tests during the six month
recruit training period; and (2) on-the-job performance as derived
from the average yearly performance evaluation scores (PEP) based on
supervisory ratings.

Validity coefficients (Pearson product-moment correlations) were
calculated for each test (English and French separately) against each
of the two criteria. The coefficients were then corrected for

• "restriction of range in the predictors (Gulliksen, Note 4) using
variances from the applicant group obtained in the earlier reliability
study. No correction was made for unreliability in the criterion since
this error factor was unknown.

The usual procedures for cross-validation were not followed.
Instead, the stability of the validity coefficients was determined by
doing separate calculations for each intake group from 1975 to 1979.
This was done since it was felt that any changes in the coefficients
because of possible changes in candidate pool, classroom marking, or
performance evaluations would be more readily detectable by this
method.
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TABLE 3
Descriptive statistics for test and criterion variables (serving members)

English French
Sample Mean Standard Sample Mean Standard
Size Deviation Size Deviation

Education Test 2594 71.4 7.8 514 68.9 8.1
Total (maximum = 100)

Psychometric Test 2785 70.0 11.0 558 64.4 11.0
Total (maximum = 100)

Training Score 2451 807 55.1 462 754 62.7
(maximum = 1000)

Average Performance 2383 68.1 6.9 421 66.1 7.1
(maximum 100)

TABLE 4
Validity coefficients , uncorrected, and corrected for restriction of range

English French
Training Performance Training Performance

Uncorrected
Education test 0.37 0.11 0.21 0.05
Psychometric test 0.41 0.03 0.31 0.04

Corrected
Education test 0.53 0.16 0.27 0.06
Psychometric test 0.44 0.04 0.38 0.04

Note: Validity coefficients are Pearson product-moment correlations
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A summary of test and criterion statistics for the validity portion
of the study is shown in Table 3.

RESULTS AND DISCUSSION

Reliability component
From Table 1 it can be seen that the English and French versions of

the Education Test are quite similar with regard to means and standard
deviations. The obtained reliabilities, ranging from .83 to .89, are
also similar for the two versions. An analysis of the data from the
Psychometric Test (Table 2) showed somewhat different results. The
mean score on the English version was approximately 9 points higher
(most of the difference being on the verbal scale) than that on the
French, indicating some possible test bias or language related
problem. The reliability of the psychometric test ranged between 0.89
and 0.92, slightly higher than the Education test.

Although the magnitude of the reliability coefficients leaves some
room for improvement, these are sufficiently high to be used as
estimates when calculating the reliabilities of the tests.

Validation results
An examination of Table 3 shows that English members have higher

means on all 4 scores (2 tests, training, and PEP) than do the French
members. It should be noted, however, that while the training score
means showed a substantial difference, the on-job performance of the
two groups was quite similar, leading support to the presence of a
language problem rather than an ability one. This is consistent with
the fact that most of the academic tests taken by the French group at
that time were in English.

Since the two language groups had significantly different means for
all scores, validity coefficients were calculated separately for each
of the groups. These are presented in Table 4, both without and with a
correction for test reliability. The data here are pooled for 5 year
period.

Table 5 shows the validity coefficients for each of the 5 years from
1975 to 1979. While these fluctuate from year to year, the overall
pattern shows the relatively consistent predictive power of the two
tests.

Education test
An examination of the score distribution on the English and French

pi versions of the Education test showed that the two versions could be
r considered as equivalent forms for most purposes. However, the

obtained reliability coefficients indicate that the test scores should
be interpreted with some degree of caution, and that the tests could
profitably undergo revision.
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TABLE 5

Validity Coefficients for individual ycars, corrected for restriction of range

ENGLISH

Education Test Psychometric Test Education Test Psychometric Test
Total/Training Total/Training Total/Performance Total/Performance

Score Score Score Score

All Members .53 .44 .16 .04
1975 .60 .46 .13 .02
1976 .64 .49 .19 .10
1977 .65 .50 .13 .00
1978 .49 .46 .11 -.03
1979 .64 .51 .08* .11*

FRENCH

All Members .27 .38 .06 .04
1975 .31 .40 -.05 -.11
1976 .55* ,45* 35* .16*
1977 .52 .51 -.11 .07
1978 .37 .31 -,02 .14
1979 .29* .42* -.03** .02**

* indicates 40 to 99 cases
** indicates fewer than 40 cases
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The Education Test correlated significantly with the training
criterion, but failed to show any relationship with job performance.
This finding is quite consistent with a number of other studies which
show that the predictors of trainability and job performance tend to be
different.

Psychometric Test
The most striking finding on the Psychometric Test was the

difference between the two language versions with regard to mean
scores. The spread of approximately nine points of score indicates
that either the two forms are not equivalent, or that the groups being
tested are dissimilar with regard to the ability being measured.

The obtained reliabilities of 0.89 and 0.90 for the English and
French versions were quite satisfactory, even allowing for the fact
that the test was designed at the end of WW II.

The validity of the Psychometric Test was found to be 0.44 for the
English Version and 0.38 for the French version, with academic training
as a criterion. As in the case of the Education Test, no correlation
was found with measures of job performance, a not unexpected finding.
It should be noted that the obtained validity coefficient for this test
is probably an underestimate of its true value. This situation arises
because a correlation of approximately 0.50 exists between the two
tests. Since the Education test is used as part of the process which
determines who will take the Psychometric Test, a further restriction
of range problem was created which could not be corrected for.

Further analyses of the data (Wevrick & Hung, Note 6) were carried
out in order to explore the relationship between other components of
the selection process and the criteria. Two findings relevant to the
present study are worth noting. The first was that the relationship
between the criteria, was quite low. For the English group the
correlation was 0.21 between training and job performance; 0.15 for the
French trainees. The second finding was a general lack of correlation
between other components of the weighted selection standard and the
criteria. Only the two test consistently demonstrated predictive
potential for one of the criteria, academic achievement in training.

SWARY
Both the Education and the Psychometric Tests are sufficiently

reliable and valid to justify their continued used in the selection
process as predictors of performance in the academic portion of the
training. However, the mean score difference between the English and
French versions of the Psychometric Test indicates that consideration
should be given either to adjusting the score on the French version to
bring it into line with the English or to revising the test so that
both versions yield the same results. These findings emphasize the
fact that an intelligence test cannot be translated into another
language without changing its psychometric properties.
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The failure of the tests to predict subsequent job performance
*points out the need for the development of separate tests or procedures

for this purpose. At the same time, the criteria used to assess police
performance should be examined, since the obtained lack of correlation
may, in part, have been due to poor criteria.
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A Systematic Approach to Training Program Evaluation

A training program for transitioning tank crewmen from the M60Al
to the Ml tank was evaluted during the operational test for the Ml.
The training program was evaluated systematically using a series of job
aids and data collection forms developed by the Army Research Institute
(ARI). The evaluation method used was thorough--lesson plans, training
procedures, and testing procedures were all evaluated--yet simple. The
data collection forms were completed by mid-level noncommissioned
officers whose only experience in evaluation consisted of a three-day
workshop. Completed data collection forms were returned to the train-
ing analyst, an ARI researcher, who identified deficiencies in the
training program from the information appearing on the forms. When
soldiers could not pass course embedded tests, the method provided
objective information about what had gone wrong during training and how
to modify the training program to improve it.
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A SYSTEMATIC APPROACH TO TRAINING PROGRAM EVALUATION

Bob G. Witmer and D. M. Kristiansen
Research Psychologist Team Chief
US Army Research Institute US Army Research Institute
Fort Knox Field Unit Fort Knox Field Unit

Introduction

The Army, in response to new Warsaw Pact weapon system development, new
- technology in NATO, and searches for economies in force structure, is constantly

upgrading its weapon system inventory. Within the past few years, the development
of a large number of new weapons systems has been started. Many of these systems
are in, or are approaching, the operational testing phase.

Attending each of these systems are training programs designed to transition
soldiers to the new equipment and to train newly accessioned soldiers. Transition
training programs, and to some extent programs for new soldiers, are developed
concurrently with the hardware. The first real opportunity to test the effectiveness
and efficiency of transition training comes during operational testing. Historically,
little attention has been paid to training during operational tests. Cost and
Training Effectiveness Analyses have been long on cost analysis and short on
training analysis. The problem has been that a useful, easily administered, high
face valid set of procedures for gathering information on training effectiveness
and efficiency has not been available.

The lack of a useful set of procedures for measuring training effectiveness
and efficiency has resulted in many training problems going undetected. Poor
training practices used in the transition training program for a given weapons

* system are often incorporated in the design of other training programs for that
weapons system. Once routine training begins, analysis of the effectiveness of
that training is rarely considered. Without rigorous formal evaluation, poor
training can be given over and over again producing large numbers of soldiers who
operate or maintain weapons systems with considerably less than optimal proficiency.

To ensure that training programs for new weapon systems (or old weapon systems
* for that matter) are effective and efficient, a methodology was needed whereby

factors that adversely affect training effectiveness and efficiency could be
identified. Such a method has been developed by researchers at the Fort Knox Field
Unit of the Army Research Institute (ARI) and given a field trial during
Operational Test III of the Ml tank.

Training Program Evaluation Methods and Materials

The methodology for assessing training program effectiveness is the elaboration
and refinement of a concept developed by Harless Performance Guild, Inc. The
concept assumes a training program should be based on a set of explicitly stated
training objectives. The training objectives must state the tasks to be learned
in performance terms to include the conditions under which the performance must
occur and the standards that must be met. The object of the training is to
arrange a series of training events that enable soldiers who receive the training
to meet the training objectives. The purpose of the test is to ensure that
soldiers can perform the tasks stated in the training objectives. The method does
not question the adequacy of the training objectives to meet the soldier's training
needs. It assumes that the objectives were established through a thorough front-end
analysis. The method seeks to answer two questions: "Has the training met its own

goals as stated in the training objectives?" and "Is the training as effective and
efficient as possible, given the constraints under which it must operate?"

To answer these questions, the method requires that data be collected on the
training and testing processes as they unfold. Preliminary information on the

training and testing processes is obtained through an evaluative review of the
lesson plans. The adequacy of the lesson plans is assessed by evaluating each
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lesson plan against a set of preestablished criteria. The criteria basically
determine if tbe training objectives as stated are measurable, if the test as
designed is a good measure of whether or not the training objectives were met, and
if the lesson plan specifies the necessary training evenrts in sufficient detail
to allow the instructor-to train the soldiers to meet the training objectives.
Examples of the criteria used in evaluating lesson plans are included in Table 1.
The detailed procedures for evaluating lesson plans and a complete list of the
criteria may be found in ARI Research Product 81-15 (Kristiansen and Witmer, Note 3).

TABLE 1. Sample Items for the Systematic Evaluation of
Lesson Plans

1. Does the training objective specify what the soldier must do after having been
trained?

2. Does the training objective specify the standards to which the soldier must
perform?

3. Are the standards clearly spelled out so that the soldier, the instructor,
and a training evaluator can tell the difference between performance at or
above standard from performance that is below standard?

4. Do the test items derive directly from the training objective?
5. Are the instructions for administering the test such as to ensure

standardization across instructors?
6. Does the lesson plan prescribe how demonstrations should be conducted?
7. Is practice called for in the lesson plan?
8. Does the lesson plan call for practice to take each soldier up to the training

standard?

Data on the training process is also collected as the instruction is being
delivered. Training observers monitor the training as it is being conducted,
recording their observations and comments about the training process on specially
designed training obser'ation worksheets. Data is recorded about certain critical
training events such as the explanation of unfamiliar terms and concepts,
demonstrations, practice activities, and testing for task proficiency. While
monitoring training, training observers also record information about the training
environment on a worksheet designed for collecting such information. Data collected
on the training environment includes information about the availability of training
resources (i.e., equipment, materials, personnel) and other factors in the training
environment (e.g., noise, temperature, lighting) that might influence training
effectiveness. Typically a given block of instruction will include a test to
determine if the soldiers can demonstrate task proficiency. A testing observation
worksheet is used to record data regarding the conduct of the test to include
information about test administration, scoring procedures, and contamination of test
results. Sample items from the training observation, training environment and
testing observation worksheets are listed in Table 2. Notice that the items listed
are in question format so that they can be answered with a simple YES or NO response.
Additional information may be obtained by asking training ovservers to record their
comments when training problems are observed. A complete list of the worksheet items
and a detailed explanation of how they are used may be found in the observer's job
aid (Witmer, Note 4).
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TABLE 2. Sample Items by Worksheet for the Structured
Observation of Training

Training Observation WorksheLt

1. Were soldiers told the training objectives including tasks, conditions, and
.. standards?

2. Did the instructor tell the soldiers how the equipment worked and label the
parts?

- 3. Could demonstrations be seen and heard by all soldiers?
4. Did all soldiers practice?
5. Did the instructor follow the lesson plan?

Training Environment Worksheet

1. Were enough instructors present to provide adequate supervision and assistance?
2. Did the training equipment work properly?
3. Did each soldier receive a copy of handouts or other materials used?
4. Were the weather conditions so uncomfortable that soldiers were distracted from

the training?

Testing Observation Worksheet

1. Were soldiers tested on any tasks that were not taught?
2. Were the standards specified in the training objectives used to score test

performance?
3. Did the examiner help the soldiers in any way during the test?
4. Were soldiers told what they did right and wrong on the test?

Data collected using items like those in Table 2are useful in identifying
training program deficiencies. When tests given at the end of a block of
instruction produce unacceptably high failure rates, the data collected during
training are used by the training analyst to determine what changes to make in
the training program to reduce the performance deficiency. When test performance
is much better or much worse than anticipated, the data collected during testing
may identify irregularities in the administration of the test that account for
the unexpected test scores. Kristiansen (Note 1) has developed a modifications job
aid for assisting the analyst in making recommendations for training program
changes from the data collected during training and testing. Kristiansen and Witmer
(Note 2) are presently developing an additional job aid, Research Product 81-18, that
will provide overall guidelines to the analyst on how to organize and conduct a
training program evaluation.

Planning the MI Transition Training Program Evaluation

Preliminary versions of these job aids were used in conducting the evaluation of
the transition training program for the M1 tank at OT-III. The transition training
program was designed by the M1 NET team to transition tank crewmen and mechanics
from the M6OAI tank to the new Ml tank. Three tank companies were to be transitioned
in succession to the new tank. For these companies both individual and collective
crew-level skills would be taught. Organizational maintenance training would also

be conducted to transition track vehicle and turret mechanics from the M6OA1 to the
Ml tank. Because the Ml transition training program was new and unproven, there
existed a need to evaluate the effectiveness of the program. ARI fulfilled that need

by providing a methodology and evaluation materials for determining effectivenesi of

the transition training.
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Cjnsider-'le preparation and planning preceded the field trial of the TPE job
aid- arJ prec d,:res. The planning process was complicated by the fact that several
d4ffere!t or- nizations with different goals and different data needs were involved.
Among the orcanizations that were to have the greatest *wpact in determining the
ultimate shape of the Ml training program evaluation were the TRADOC Combined Arms
Test Ac~ivi~; (TCATA), the Office of Armor• Force Management and Standardization
(CArMS), tr, Directo ate of Training Developments (DTD) at the US Army Armor Center,
the TRADOC Sstcms A..alysis Activity (TRASANA), the Operational Test and Evaluation
Agcrcy (CJEA), and the Army Research Institute. Through a series of meetings and
oter into c+.ions, these agencies jointly made the plans and decisions that would
determine how the training evaluation for the Ml OT-III would be conducted. Some
of the imnortant issues discussed during these meetings include the following:
1) what data would be collected; 2) how it would be collected; 3) who would
collect it; and 4) how the data would be distributed to the various participating
agencies. Despite some initial disagreements among the agencies involved, each of
these issues was resolved prior to the beginning of the OT-III.

Basically it was decided that two types of data would be collected - training
data and performance data. The training data would be collected using the procedures
and worksheets (see Table 2) developed by ARI. In addition to the worksheets
developed by ARI, several other data collection instruments (e.g., student
questionnaire, instructor questionnaire, training aids data sheet) that were of
special interest to other agencies were to be used for collecting training data
during the Ml OT-III. Performance data on the tests given at the end of each block
of instruction were to be recorded for each soldier on individual score sheets.
Diagnostic tests designed to measure selected soldier skills on the M6OAl tank
just prior to Ml transition training and the same skills on the Ml following
transition training were developed by TRASANA and DTD. TRASANA also constructed
special score sheets for recording these diagnostic data. Although sampling of
training and performance data had been considered, it was decided to collect complete
training and performance data by monitoring all training sites.

The training data would be collected by a team of data collectors organized
and controlled by TCATA. The data collection team would be composed of a company
team chief data collector (captain), three platoon team chief data collectors
(lieutenants) and one tank data collector per tank (mid-level noncommissioned
officers). Data collection responsibilities were to be shared by the platoon and
tank data collectors with the company data collectors acting as supervisor for the
other data collectors and reviewing completed worksheets to ensure that the data
collectors had responded appropriately to each worksheet item.

Performance data would be collected by the Ml new equipment training team
(NETT) instructors for both end-of-block tests and diagnostic tests. However, tank
data collectors would monitor the collection of performance data and complete
testing observation worksheets describing the testing process for each test given.

Training data were to be collected as the training was being conducted for each
block of instruction. Data collectors would be assigned to a particular block of
instruction at least 24 hours prior to observing the instruction. The data
collectors would observe each part of the instruction as it was being conducted.
Guided by the items listed on the worksheets, the data collectors would look to
determine whether certain training events (e.g., demonstration, practice, test)
occurred satisfactorily and record comments on events that were not satisfactory.

Because of the large amounts of data that were expected to be generated by
the evaluation of the Ml transition training program and the diverse data requirements
of the agencies involved, a system was devised for handling the data. The data
handling system called for completed worksheets and score sheets to be checked for
omissions and inconsistencies by the company team chief data collector before being
forwarded to the field test center. At the field test center, the worksheets and
score sheets were to be reproduced and copies distributed to ARI and other
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participating agencies. After copying, the original data forms wJuld 5e placed in
a master file for future reference. The data on the worksheets and score sheets
were to be analyzed by ARI as received, and any resulting recommendations for
training program changes were to be forwarded by ARI to-the NETT through DTD.
This system was designed to allow ARI to receive the data, analyze it, and make
recommendations to the NETT within 24 hours of the time the training was conducted.

Prior to the beginning of the Ml OT-III ARI obtained copies of the lesson
plans for the transition training program for tank crewmen. Each lesson plan was
evaluated using the procedures and criteria described in a preliminary version of
ARI Research Product 81-15 (Kristiansen and Witmer, Note 3). This job aid for
evaluating lesson plans seemed to work well, producing 43 pages of comments and
suggestions regarding problems associated with the lesson plans. However, the NETT
did not revise the lesson plans as recommended prior to the beginning of the Ml OT-III.

In preparing for the Ml OT-III evaluation, ARI conducted workshops in order to
train the soldiers who were to collect the data. In the workshops, the soldiers
would learn about objective observation procedures and be familiarized with the
observer's job aid and the training evaluation worksheets. During the workshop,
each item on training environment, training observation, and testing observation
worksheets were explained and relevant examples were given where applicable.
After this initial familiarization with the worksheets, the soldiers were required
to use the worksheets to record observations on an actual class as a practice
exercise. Following practice in using the worksheets, the soldiers discussed their
observations of the class and received feedback from the workshop leader.

Field Testing the TPE Method and Materials During the Ml OT-III

The Ml OT-III commenced at Fort Hood, Texas in September of 1980. ARI's
early involvement in the operational test consisted primarily of training data
collectors to use the TPE worksheets to collect training evaluation data. Aside
from training data collectors, ARI's role during the Ml OT-III was limited to that
of the training analyst. As the training analyst ARI analyzed the training and
performance data generated during the OT-III and recommended changes o the training
program based on this analysis. ARI's activities during the Ml OT- , irovide' 4n
excellent opportunity for field testing the TPE method and materia' Analyzing the
transition training allowed the ARI researcher to assess the adequacy of the TPE
system as a method for identifying training problems. Along with teaching the
workshop, performing the analysis also provided information on the ability of
noncommissioned officers to use the TPE worksheets to collect the training data.

In conducting the field test of the TPE system, ARI confined its analysis
activities to-evaluating the effectiveness of the Ml transition training given to
tank crewmen. ARI evaluated the effectiveness of this training for each of the
three tank companies participating in the Ml OT-III. Data was systematically
collected by task on observable training process variables detailed in the
observer's job aid (Witmer, Note 4). For most of the training program, training
was conducted atmultiple sites, which often required as many as thirteen training
observers watching the same training simultaneously, but at different sites. The
bulk of the training data was collected by the tank data collectors. Contrary to what
was planned, the platoon data collectors collected very little data and served
primarily as supervisors for the tank data collectors. The company data collector
reviewed each completed worksheet and after receiving a complete set of data for a
given block of instruction, forwarded the data to the field test center for
reproduction and distribution. At the field test center, the ARI analyst received
copies of the Observation of Training Events Worksheet., the Training Environment
Worksheet, the Observation of Test Events Worksheet and individual test performance
score sheets for each block of instruction. Several days often elapsed between the
time when the training was conducted and the time when ARI received the data for a
given block of instruction. The delay in the receipt of the data most often was
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due to inefficient reproduction of the data resulting from problems with both the
copying machine-and the machine operator. Frequently the copies when received were
of such poor quality that it was necessary to go back to the originals to read a
comment that was illegible on the copy.

For ease of analysis, the data for each block of instruction were transferred
onto summary data forms. The summary data. forms showed the total number of
occasions on which a worksheet item was judged satisfactory or not satisfactory
and included all the comments made regarding a particular block of instruction.
The summary data forms allowed the training analyst to quickly identify the
training problems for each block of instruction.

For analysis purposes, the analyst also summarized the data from the test
performance score sheets. The score sheets recorded individual soldier performance
by task for each task tested. Each soldier received either a GO indicating that
the task was performed to standard or a NO-GO indicating that the soldier failed to
meet the standard. The analyst reviewed the score sheets for each block of
instruction to obtain the percentage of soldiers receiving NO-GO's for each task.
Tasks for which 20 percent or more of the soldiers tested received a NO-GO were
considered to represent performance deficiencies. Possible causes of these
deficiencies were identified from the training data recorded on the Observation of
Training Events, Observation of Test Events and Training Environment Worksheets.
From these causes, the analyst, with the help of the modifications job aid
(Kristiansen, Note 1), suggested changes in the training for eliminating the
performance deficiencies.

For some blocks of instruction, review of the score sheets did not turn
up any performance deficiencies. Nevertheless the observation of test events
worksheet was reviewed to determine if there were any irregularities in the testing
procedures. When problems were identified in the testing process that could
adversely affect the validity of the test, changes to the test were suggested
based on the guidance provided in-the modifications job aid.

The training analyst summarized his findings and recommendations for each
block of instruction in a memorandum to DTD. The memorandum identified the tasks
for which performance deficiencies were found and specified changes in the training
program designed to correct the deficiencies. The memorandum also identified
problems with testing procedures when they existed and suggested changes as
appropriate.

Because of a number of problems unique to the Ml OT-III at Fort Hood, ARI
memorandums were not forwarded to the NETT until the first company had completed
much of its training. .Day-to-day changes were not made as planned.

Even through the NETT received the ARI's memorandumsfollowing transition
training for a given company, there was still time to modify the transition
training before training the next company. Upon completion of the transition
training for the first company, DTD issued a memorandum instructing the NETT to
modify the transition training given to the next two companies so as to eliminate
some of the recurring training problems identified by ARI for the first company.
Some of the modifications suggested by ARI appeared to have been made prior to
conducting transition training for the second and third companies. Evidence that
some changes were made comes from the training and performance data collected for
the second and third companies. However, changes were not extensive and were
not always documented in the lesson plans. Failure to document changes in
the transition training from one company to the next precluded establishing direct
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relationships between the changes made in the transitior tr -i for -14 ,C

instruction andperformance on tLe tests given foilowinc that block of rstruct;or,

However, considerable information was gathered that , direct. de:orctrtf pie
usefulness of the TPE method-,ogy in evaLiatirg the cffctv ._,s of J
programs.

The TPE methodology provided the largest pool of objective training dato Tnat
was available during the Ml OT-III. The usefulness c this data is attested to n"
the fact that virtually every organization involved valuati, the effectivee%
of the transition training made use of 'his data. The or-i,,ary -ers were .
TACTA and ARI. OAFMS used the data for certf.ifn ,ad".css of e 5 7
players as Ml qualified crewmen and mechanics. OAFMW Iso used trie 6dta in
certifying the effectiveness of the Ml transition trE ing prngram. TCATA kept
detailed records of all the TPE training data and used the data nro the memorandums
generated by ARI as input for their own independent training effecti.,eness analysis.

,*. DTD and TRASANA also used the data in conducting a Cc.z and Training ffectiveness

Analysis (CTEA) of the Ml transition training program, although TRASA!P relied more
heavily on pre- and post-diagnostic test data. All ;,,- the organizations involved
in evaluating the effectiveness of Ml transition training seemed to find the data
useful.

Among the changes made in the transition training for the second and third
companies were the addition of demonstrations to some lessons and closer adherence

* to the lesson plans in conducting the instruction. Evidence that these changes were
made came from comments recorded by the data collectors on the worksheets and v'ere
verified by informal contacts with the NETT and OAFMS. The number of comments

* indicating that tasks were not demonstrated or that lesson plans were not followed
dropped sharply from the first company to the second and remained at the lower
level for the third company. This indicates that the TPE methodology was sensitive
to changes made in the training process.

Performance data indicating soldier performance on the end-of-block tests shows
improvement from one company to the next. This may be interpreted as indicating
increased training effectiveness. For example the proportion of tasks having 100
percent first-time GOrates increased from 24 percent for the first company, to 34
percent and 53 percent for the second and third companies, respectively. While
such increases may be due in part to other factors (e.g., reduction of standards
for some tasks and the elimination of some task requirements), the trend toward
higher first-time GO rates constitutes indirect evidence that the changes made in
the training from one company to the next increased training effectiveness and thus
supports the usefulness of the TPE methodology responsible for these changes.

Although the data provided by TPE methodology was considered useful by the
organizations employing it and the recommendations suggested by ARI based on the
data seemed to increase training effectiveness, ARI encountered some problems in
using the TPE methodology for evaluating the Ml transition training. The biggest
problem came in getting the NCO's who were collecting the data to use the TPE
worksheets the way they were designed to be used. The worksheets listed specific
items which required the data collectors to observe the training to determine if
it met specific criteria described in the observer's job aid and discussed in the
TPE workshop. When these criteria were not met, the data collectors were supposed
to record a comment detailing what they observed. However, many of the data
collectors treated the worksheets as a simple checklist, responding to the items
subjectively based on their general impressions of the items rather than the objectivE
criteria specified in the observer's job aid. Furthermore the number of comments
recorded on the worksheets were far fewer than were expected based on independent
observations of the training by the ARI analyst and others.

Any one of several factors might account for the failure of some data
.* collectors to use the worksheets as the worksheets were designed to be used.
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The NCO's collecting the data were tankers who were perhaps more interested in the
new M1 tank than in making objective observations about the training and testing
processes. For these tankers, the task of collecting training and testing process
data may have been considered menial or meaningless, especially in contrast to
learning how to operate-the new tank. The data collectors were required to complete
several other forms in addition to the TPE worksheets; this additional workload
may have diminished the amount of effort devoted to the TPE worksheets. On
several occasions, the TPE analyst observed that data collectors were standing
around in groups of four or five while the training that they should be monitoring
was being conducted on the tanks. In these instances, the data collection team
supervisors were not supervising and the data collectors were not collecting data.
Such incidents and informal discussion with the data collectors indicated that
many bf the data collectors were not approaching the data collection task seriously.
This apparent lack of motivation in the data collectors may have resulted in part
from the factors listed above, but may also be due in part to the adverse working
conditions. For example, data collectors were often required to collect data all
day in wet or cold and windy weather. Often they were called upon to collect data
right through (and long after) normal meal hours. Many of the "creative comforts"

* provided to the participating units were not given to the observers and they were
treated as unnecessary bythe NETT and..the units.

The problems encountered in using the TPE methodology during the Ml OT-I1
1are instructive. They indicate that the TPE analyst must select the data

collectors more carefully and personally oversee and control the data collection
effort. The number of forms to be completed by any one data collector and the
number of hours spent completing these forms must be limited to a reasonable level.
In order to ensure the timely flow of data from the data collector to the analyst
and from the analyst to the persons responsible for instituting changes in the
training program, a direct line of communications should be established from the
analyst in both directibns. The originals of completed worksheets and score sheets
should go directly from each data collector to the analyst. The analyst would then
analyze the data and results of this analysis would be made available to other
organizations. If other persons or organizations needed the raw data, they would
have to obtain copies through the TPE analyst. The recommendations for changes in
the training program would then be forwarded directly to a member of the team

* responsible for making changes in the training program. This person would check
into the possibility of making each of the changes suggested by the analyst and
would inform the analyst which changes were made and which were not.

In order to reduce the tendency of data collectors to respond subjectively
to the items on the TPE worksheets, the worksheets-and the items used during the
M1 OT-III were modified in the new version of the observer's job aid. The old
worksheets required data collectors to make judgments (i.e., OK or Not OK)
regarding their observations according to criteria listed for each item. On the
revised worksheets, items are worded more precisely and data collectors only need
respond objectively with a "YES" or "NO" indicating whether or not the event
occurred as described in the item.

In conclusion, the TPE system has proven to be a useful method for evaluating
training programs such as the transition training program-for the Ml tank. The
method provides objective training and testing process data not heretofore available.
The TPE system has been well documented in a series of easy-to-use job aids (Witmer,
Note 4; Kristiansen, Note 1; Kristiansen and Witmer, Note 2; and Kristiansen and
Witmer, Note 3). The quality of these job aids has been much improved through the
lessons learned from the Ml OT-III experience, and provide detailed information on
how to collect and analyze training data in order to evaluate the effectiveness and
efficiency of training programs.
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Training Evaluation - A Pragmatic Overview

Evaluation is a common term, however, familiarity does not breed
understanding. There are about as many meanings to the term "evalu-
ation," as there are evaluation tasks to be performed and personnel
charged with evaluation responsibilities. To the manager "evaluation"
may be tied to personnel efficiency or answering the question: "Does

* it work?" To government "evaluation" most often translates into terms
of cost/efficiency (inefficiency) or accountability. To the individual
line-worker "evaluation" usually means a critique or judgment of
personal worth conducted by someone in authority. All of these defi-
nitions are, of course, partially correct. Training evaluation could
be carried out by session or course, however, in large organizations in
particular, the more global concerns of identifying the fragmented
components that contribute to the evaluation process and organizing
such components within a formal systematic approach of program evalu-
ation is often ignored.-This paper reports the progress of the Royal
Canadian Mounted Police in addressing systematic program evaluation as

L it pertains to the Force's training program. At issue are the objec-
tives of such evaluation; the melding of methodological and pragmatic
concerns; and the development of an approach that will meet the needs
of both internal efficiency and external scrutiny.
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TRAINING EVALUATION - A PrPACMATIC OVERVIEW

GILBERT F. YARD

ROYAL CANADIAN MOUNTED POLICE

TRAI]ING AND DEVELOPMENT BRANCH
PSYCHOLOGIST UNIT

Introduction

Evaluation is a common term, however, familiarity does not

breed understanding. There are about as nany meanings to the term
"evaluation", as there are evaluation tasks to be performed and

personnel charged with evaluation responsibilities. To the manager
"evaluation" may be tied to personnel efficiency or answering the
question: "Does it work?". To Government "evaluation" most often

translates into terms of cost/efficiency (inefficiency) or accounta-
bility. To the individual line-worker "evaluation" usually means a
critique or judgment of personal worth conducted by someone in

authority. All of these definitions are, of course, partially
correct. Training evaluation could be carried out by session or
course, however, in large organizations in particular, the more
global concerns of identifying the fragmented components that

contribute to the evaluation process and organizing such components
within a formal systematic approach of program evaluation is often
ignored. This paper reports the progress of the Royal Canadian
Mounted Police in addressing a systematic program evaluation as
it pertains to the Force's training program. At issue are the
objectives of such evaluation; the melding of methodological and

pragmatic concerns; and the development of an approach that will

meet the needs of both internal efficiency and external scrutiny.

Backg round

The communication of complex concepts is often difficult but

as such difficulty is expected it is usually compensated for by
devoting additional time and effort in both explatlation and inter-

pretation. This is not the case, however, when common terminology
is used to describe an area whece the expectations are that the

majority will understand or at least have an appreciation of the
subject matter. In such cases, there can be a diversity of inter-

pretations and the ingredients are present for widespread misuse,

abuse and misunderstanding.

"Evaluation" is such a concept. We have all evaluated and
ourselves been subjected to evaluation. Depending on our indi-
vidual orientation and the context in which we are thinking,

however, the terri "evaluation" can take on a number of meanings.
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The Problem

Questions of accountability, efficiency and a commitment to
delivering the "best" training product attainable gave rise to a
Training Evaluation Unit within the Royal Canadian Mounted Police
in 1979. The pressure to evaluate training came almost equally
from internal and external sources. Internally, the need was for
a systematic approach which would formally allow for monitoring
and quality control. Externally, through Government, the pressure
was to accountability and the best value for the dollar spent.
While these pressures are, of course, relatively universal, the
response is worthy of examination.

By far the greatest volume of evaluation literature deals
with the individual case and transposed to the training milieu,
we find that there has been much written on "course" evaluation
strategies and methods. The R.C.M.P. Training Evaluation Unit,
however, was given the responsibility for keeping track of several
hundred different training courses offered to R.C.M.P. personnel
by both internal and external sources. The question was: "How
do you apply relatively scarce resources in the most meaningful
way?". The mandate, with those same scarce resources, was to
become accountable to Government and to assess the commonly held
belief that our training product was the highest quality available
or alternatively to institute a positive change in that direction.

The R.C.M.P. "Systems" Approach To Training

Trainers within the R.C.M.P. have long prided themselves
on their systematic and thorough approach to training. They are
committed to providing training on an identified need basis only
and work exhaustively to assess the value of each request for
training and then to develop clear cut, behavioural "student-
performance objectives". The Force relies heavily on work by
Robert Mager (1967, 1970, 1972, 1973, 1975) in developing this
behaviourally-based, criterion-referenced program. The focus
on training to need and training by objectives is the anchor which
provides a logical strategy for both student assessment and
program evaluation.

The Solution

Many of the components of an evaluation system existed within
. the R.C.M.P. training program prior to Iq79. It has taken until
* this year, however, to delineate a formal evaluation system. Some

of the existing components were identified as:

- needs analysis - used to determine if training is
the solution to specific problems.
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- student performance objectives - used to base student
testing and later to assess behavioural change on the
job.

- informal feedback - used as an indicator of where
attention is needed or objectives met.

- formal course critiques - a long used catalyst for
positive change.

The need was to tie these components together and provide a
formal structure which would answer the need for accountability
as well as provide the most efficient use of the relatively
scarce human resources available for more traditional evaluation
research.

The identification of these "existing components" was the
first step of a systems approach to evaluation. To add structure
and formalize the feedback component an interlinked series of
forms and policy was developed. The result of this exercise
was the "end-of-course report" which provides a measure of the
following factors on a scale of 1 to 7:

- need for the course
- timing of the course
- prior knowledge
- course level
- success of course

Opinions are provided on these issues by both the students and
the course co-ordinators. Additionally, the co-ordinator is
asked to comment on:

- whether the selection criteria for the course had
been met.

- whether temporary changes were necessary to the course
standards or objectives.

- whether permanent changes are recommended in the
course content.

This information is gathered in a computerizable format and
provides a gross but formal measure on every course used by the
R.C.M.P.
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Evaluation Research

Evaluation research is instituted on a need basis in
accordance with the following indicators:

- informal feedback

- formal feedback (end-of-course report)

- as directed by the Officer i/c Training and
Development Branch.

By adopting this approach, the normal maintenance of our programs
is encouraged along with a systematic review and access to
further research. In cases where further research is called for,
the Force once again institutes a systematic approach.

Where in-depth evaluation research is called for, question-
naires are developed based on four levels of questioning:

(a) the general level covers the questions of need,
timing, prior knowledge, course level and success
noted in the end-of-course report. These questions
are once again responded to by indicating a position
on a seven point scale. The repetition of these
questions on all evaluation research projects pro-
vides a relative measure between evaluation research
projects.

(b) Recognizing the frustration experienced by being
forced to answer to a seven point scale, the second
level allows for narrative expansion of the questions
covered in level 1.

(c) The third level consists of questions dealing with
course specific information and is directly based
on the student performance objectives of the course
under review.

(d) The fourth and final level deals with specific
questions on matters which we may suspect a priori
are cause for concern.

This "level" approach to evaluation research is directed at
students, superiors, peers or subordinates as circumstances
may dictate, although the student is the most usual target.
It should also be pointed out that the use of telephone or
direct interview serve to supplement what might otherwise be
a purely "mail out" exercise.

1283



"..

Post-course testing is consistently applied to guarantee
the training objectives have been met. The use of pre-course
testing, an often valuable evaluation tool, is used to a much
lesser degree and then most often at the course developm-ent
stage. This is not to say that a pre/post course test sequence
would not be used where a specific need was identified but the
nomination of course candidates on a need basis and the time and
rigor necessary for an adequate pre/post test program make
usage infrequent.

Conclusion

The evaluation program as described has allowed the
R.C.M.P. to provide Government with a strategy that meets the
requirement of accountability. The policy necessary to make
the system operational is only just being put into place,
however, early returns are most promising. There is little
doubt that "fine tuning" will be necessary but the main components
appear to be in place. In restrospect, the system appears to be
straightforward, however, the 14 months necessary as development
time would indicate that there are many areas where consensus must

"- be obtained before operational status can be achieved.
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Psychometric Considerations for Adaptive Testing Systems: Test
Development and Calibration

Bejar, Isaac I., (Chair); Dorans, Neil J', Dwyer, Carol A.,

Educational Testing Service, Princeton, New Jersey.

Much of the existing literature on adaptive computer-assisted
testing has been based on small-scale samples. The large-scale imple-
mentation of that methodology presents problems that have seldom been
considered and are probably not well understood. This panel discussion
will focus on issues on test development and calibration from the
prespective of Item Response Theory as applied to adaptive testing.
The four presentations will discuss the creation and maiatenance of an
item pool, the estimation of item parameters, the linking of item
parameters, and a discussion of these issues from a military testing
perspective.
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Why and How to Insure that Items in the Same Pool Are
Appropriately Credentialed: Data Collection S rategies

and Analytical Methods for Item Linking

Neil J. Dorans
Educational Testing Service

'Presented at the 23rd Annual Conference of the Military Testing
Association, Alexandria, Virginia, October 27, 1981.
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Why and How to Insure that Items in the Same Pool Are
Appropriately Credentialed: Data Collection S rategies

and Analytical Methods for Item Linking

After designing an adaptive test and obtaining item parameters via
some calibration procedure, it is necessary to place item parameters on a
common metric prior to testing in an adaptive mode. In the adaptive
testing context, several subpopulations of single individuals are involved;
hence, common metric considerations are critical. Several data collection
strategies and analytical techniques for placing parameters on scale will
be surveyed..

Prior to this survey, a contrived illustrative example will be used
to persuade you that a common metric is essential for valid comparisons
in any investigation of individual differences and similarities.
Although it borders on the absurd, this fabrication clearly demonstrates
the need for a common metric in interindividual comparisons.

A Contrived Illustrative Example

In the spirit of peaceful coexistence, an American scientist and a
Soviet scientist were told to collaborate in an investigation of the
effectiveness of a new weight reduction drug. Although the project was
hampered by communication problems due in part to divergent training,
external pressures mounted, pushing it along to the experimentation
stage. An experiment was conducted. The American administered a daily
nonearcinogenic dose of the drug to a group of rats. The drug was mixed
in with the rats' daily breakfast for a one-month period. Meanwhile,
on the other side of the world, the Soviet scientist administered the
same daily breakfasts without the drug to a control group of rats from the
same litter. At the end of the month, the rats on both sides .of the
world were weighed. Appropriate statistical analyses were performed to
assess the effectiveness of the drug.

The mean difference between the experimental and control groups was

remarkably large. In addition, the variance of weight in the experimental
group was much smaller than the variance in the control group. Apparently,
the drug not only reduced weight but also reduced variability in weight.
(The Americans were most interested in the former result, while the
Soviets were excited by the latter.) More importantly, the discovery of
the new miracle drug was the result of a joint Soviet-American effort.
Consequently, the result was immediately publicized, and the press
played a major role in arousing public expectations throughout the
world.

In the meantime, replications of the original investigation were
hindered by bureaucratic red tape (a double dose in this case). Eventually,
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approval for a limited number of replications was given. By the time the

results of these replications became public, however, the new drug had

firmly established an identity as a miracle drug. As a consequence, the
results of these new experiments shocked the world: The miracle drug had

no effect on weight reduction. Disbelief, the immediate reaction,

developed into hostile rejection of these new results. Accusations
filled the air and additional studies were commissioned, some by the

pharmaceutical companies that had acquired rights to manufacture the
drug. Results from these new studies varied. The preponderance of

evidence, however, indicated that the so-called miracle drug was useless.

As tensions mounted, each of the original investigators accused the

other of fraud and deception, further straining already tenuous diplomatic
ties between their countries. In an effort to avert international

disaster, a panel of influential nonexperts and a few experts was commis-
sioned by the United Nations to effect a resolution of the controversy.

- The two scientists and their experiment were the foci of this investigation.

The credentials of both scientists were questioned and established.

Incidents from their private lives that might have had a bearing on the
controversy were scrutinized.

Eventually, the investigation focused on the actual experiment

itself. The experimental design was reviewed and deemed adequate. Then,
the statistical analyses that were performed came under scrutiny.

Although minor flaws were detected, the panel concluded that the analyses

.- met professional standards. (The researchers went well beyond the

magical .05 level of significance.)

* Suddenly, with the answer to a simple question, the controversy was
resolved. When questioned about the method of measurement he used, the

Soviet revealed that he had measured weight in grams. In another room,

" " the American admitted to measuring weight in pounds. As a result of a

difference in metric, the control group weighed much more than the

experimental group, and also exhibited more variability. Had either

pounds or grams been used by both scientists, the drug would have been

deemed useless immediately, and the heated controversy would never have

evolved.

Most psychologists immediately recognize the absurdity of not using

a common metric in this contrived example. Unfortunately, not enough of

these same psychologists readily see the example's implications for their
own research. Perhaps they have misinterpreted the dictum that "the
choice of metric for psychological variables is often arbitrary" to mean

that it is permissible to make comparisons between groups on scores that
are expressed in different metrics. Choice of metric is arbitrary.
However, the contrived example clearly illustrates that, while the choice

of metric may be arbitrary, it is essential to ensure that the arbitrarily
chosen metric is maintained across any groups that are the objects of

intergroup comparisons. In the contrived example, the choice of grams or
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pounds was arbitrary. Arbitrary or not, both researchers needed to use a

common metric, either grams or pounds.

Data Collection Strategies

Having established the need for a common metric, I will now discuss
how to place item parameters on the same metric. There are two aspects

to item linking: data collection strategies and analytical methods.

There are three basic designs for data collection: single-group,

equivalent-group, and anchor-test (Lord, 1975).

Single-group Method

In the single-group method, all items to be placed on the same
scale are administered to the same examinees. This method is limited by
the number of items examinees can be administered before fatigue and
practice effects begin to have an appreciable impact on item performance.

Equivalent-group Method

In the equivalent-groups method, two or more equivalent groups of
examinees are set up by random sampling or by other methods. Each group
of examinees is administered a unique set of items. This method is less

susceptible to fatigue and practice effects and allows for the administra-
tion of more items than the single-group method. However, the inevitable
but small differences among the equivalent groups introduces a small but

unknown bias into the linking results.

Anchor-test Method

In the anchor-test method, different groups of examinees are admini-
stered two or more sets of items. Each group of examinees is administered
a set of items that is unique to that group only, and a set or sets of
items that is also administered to one or more other groups of examinees.
The set of items that is administered to two or more groups of examinees,
referred to as the "anchor test," is crucial to the linking process

because it measures any differences between the groups of examinees and
can be used to reduce bias due to group differences. It is essential
to use the anchor-test method whenever the groups are not equivalent, or
when only small samples of randomly chosen groups are available. This
method is particularly useful for linking long chains of test forms.
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The Three-Parameter Logistic Item Response Theory Model

A mathematical model is needed to guide the item linking procedure.
Item response theory models hold the greatest promise for computerized
adaptive testing systems (Lord, 1980; Urry, 1977). The three-parameter
logistic model has been the most widely accepted unidimensional model for
use with binary-scored multiple-choice items.

The three-parameter logistic model specifies that the probability of
success on an item is a function of ability level i and three character-
istics of the item. For an individual with ability 8., the three-parameter
logistic model expresses probability of success on itim g as

Pg(G.)-c +(-C) [l + exp(-l.7 ag(e - g))] -1 (l)

where a is the item's discriminatory power, b is the item's difficulty
index afid c is referred to as a guessing parageter. A sample ICC
relating p e) to i is depicted in Figure 1.

g ~

In Figure 1, note that the probability of a correct response
is a monotonically increasing function of ability level. As ability
increases, success on the item is more likely. The probability of a
correct response approaches unity at very high levels of ability. At
very low levels of ability, the probability of a correct response approaches
C g, the guessing parameter.

In mathematical jargon, c is the lower asymptote of the curve
(ICC), b is the value on thee g continuum corresponding to the point of
inflectin in the ICC, and a is proportional to the slope of the ICC
at its point of inflection. gAs a value expressed on the 0 continuum,
b is often referred to as the item location parameter. Note that as
tfe location of the curve shifts to the right along the 0 continuum, b
increases, and greater amounts of ability are needed to maintain the sAme
probability of successful performance on the item. Hence, b is
known as the item difficulty parameter.

The parameter a indicates how well the item discriminates
between levels of ability that are slightly above and slightly
below e - b . As a gets larger, the slope of the curve becomes
steeper andgthe disgrmination between ability levels close to b
increases. In contrast, flatter curves have lower values of a
reflecting coarser measurement over a broader range of abilityC For a
more complete description of these three item parameters consult Lord and
(1980) and Hambleton and Cook (1977).

1294



Analytical Methods for Item Linking

After collecting data, an analytical method for item linking is
employed to place item parameters on a common scale. Several methods
exist. The simplest methods are applied to data collected under the
single-group design or the equivalent-groups design. Data collected
under an anchor-test design requires more complicated analytical methods.

Single-Group Data

The analytical method used on single-group data is actually no
method at all. Because all items are administered to the same group of
individuals, all data can be submitted to a single calibration run. As a
consequence, all item and ability parameters are on the same scale, the
metric defined by the single calibration run.

Equivalent-Group Data

In the equivalent-group method, two or more equivalent groups of
examinees are administered unique sets of items. Each item is administered
to only one group of examinees. Actual equivalence of groups is necessary
for this method of data collection. If the groups actually are equivalent
in ability, then item parameters can be placed on scale by setting
the means and standard deviations of ability scores in the different
equivalent groups equal to some fixed arbitrary values. With equivalent-
group data, setting the first and second moments of the ability score
distributions equal to some fixed values in all equivalent groups of
examinees fixes the ability metric and places all item parameters on a
common scale.

Anchor-Test Data

Several methods for item linking exist for data collected under the
anchor-test design. Frederic Lord and his ETS colleagues, Martha Stocking
and Marilyn Wingersky, are actively involved in item linking methodology
for anchor-test data. In this section, some of their developments in
this area will be briefly described.

Partial pre-calibration or "fixed-b" method. The first method
described in this section differs from the subsequent methods in that only
a single set of parameter estimates is obtained for the anchor-test
items. In the partial precalibration method, parameter estimates for the
anchor-test or common items are obtained from a calibration run on some
pre-existing data set. Then those items are included in a calibration
run with the items that need to be placed on scale. In this calibration
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run, the anchor-test items are used to define the scale. Estimates of

difficulty, discrimination, and the lower asymptote of the item character-
istic curve are nnt obtained for these anchor-test items. Instead, their
parameters are fixed at the values obtained at the earlier pre-calibration

run. Hence, in this method, which is sometimes referred to as the
"fixed-b" method ("b" is the symbol employed for item difficulty in item
responce theory models), the pre-existing parameter estimates for the
anchor-test items are used to fix the scale for the new items.

Standard mean and sigma method. The next three methods are variants
of a traditional method of placing item parameters on the same scale,
setting the mean and standard deviation of item difficulties for a set of
common items equal to some fixed values; e.g., the mean and standard
deviation of the difficulty parameters obtained for those same items in
some other data set. This method of placing item parameters on scale
employs two sets of item parameter estimates for each item in the anchor-
test. Typically, the mean and standard deviation of one set of item
difficulty parameter estimates is chosen as fixed, and a linear transfor-
mation is computed that converts the second set of parameter estimates to
the scale of the first by setting the mean and standard deviation of the
second set of estimates equal to the mean and standard deviation of the
first set of estimates. Then, this linear transformation is applied to
all the other items from the second calibration set to convert their
parameters to the scale of the first calibration set.

The mean and sigma method is simple to employ. The means and
standard deviations of the two sets of difficulty parameter estimates are
easy to compute. Once obtained, the equation for converting the difficulty
parameters from the second calibration set to the scale of the first set
is

b2 Ab2 + B (2)

where,

b2 S item difficulty parameter estimate for an item from thesecond calibration set,

b2  transformed item difficulty parameter estimate on the scale of

the first calibration set.
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In Equation (2), the slope

A - SD~bl)/SD(b2c), (3)

and the intercept

B bi c Ab2c, (4)

are defined in terms of the means and standard deviations of the difficulty
parameter estimates of the common items in the first (bt) and second
(b^) calibration sets respectively; i.e., b , SD(b. ) and
b , SD(b ). Equation (2) is applied to alicitem difficulty
e~imates in the second calibration set to place them on scale. In
addition, the item discrimination parameter estimates of these same items
are placed on scale by multiplying their original discrimination estimates
(a2) by the inverse of the slope A defined in equation (3),

a2 a2/A. (5)

The occular mean and sigma method. The only statistics required for
the mean and sigma method of item linking are means and standard deviations.
The mean and particularly the standard deviation are sensitive to the
existence of outliers. Outliers are data points that are ineopsistent
with the pattern of data suggested by the preponderance of data. For
example, suppose a difficult item on an anchor-test becomes easy because
of a security leak; i.e., somehow the key to the item becomes dis-
closed. Also, suppose that the other items on the anchor-test remain
secure. If we plotted new difficulty estimates versus old difficulty
estimates for these anchor-test items, most points would lie on a straight
line. To convert the new estimates to scale of the old estimates, we fit
a line to the swarm of points and obtain a slope and intercept. One
standard method of obtaining this conversion line is the mean and sigma
method. In this case, however, because of the insecure anchor-test item,
which stands out in our plot of old and new item difficulties, the
mean and sigma method would not produce the best conversion line.
A better line would be obtained from using the mean and sigma method on
the reduced data set obtained by excluding the "outlier" item from the
analysis. This use of the mean and sigma method on a data set from which
outliers have been eliminated is referred to as the "occular" mean and
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sigma method because the data is scanned visually for outliers before
application of the mean and sigma methodology.

Transforming b's using standard errors. While the occular mean and
sigma method eliminates outliers, it does it in a subjective way. Two
researchers examining the same bivariate plot of item difficulties might
disagree about which points are outliers. The Lord-Stocking method of
transforming b's using standard errors (Petersen, Cook, and Stocking,
1961) is a relatively complicated linking method that attempts to achieve
the goal of the occular method without its subjective process.

The Lord-Stocking linking procedure produces robust estimates of
location (mean) and scale (standard deviation) of each distribution of
item difficulties and an equation based on these robust estimates. This
equation is used to convert the parameter estimates of a set of items
from one calibration to the base metric of another calibration. We start
with two sets of item difficulty estimates, one from each calibration.
Each difficulty estimate is weighted by the reciprocal of its squared
standard error of estimate; for each item the larger of its two standard
errors of estimate (from the two estimates of item parameters) is used.
Then the means and standard deviations of these weighted item difficulty
estimates are computed and used to obtain the conversion line that
converts item parameters from one metric to the other base metric. At
this point the process becomes iterative. The perpendicular distances of
the item difficulty points from this conversion line are computed,
and then biweights (Mosteller and Tukey, 1977) for these distances are
obtained. These biweights are then applied to the weighed difficulties
and a new conversion line is produced. The distance, biweight, reweighting,
and new conversion line cycle is repeated until the maximum change in
perpendicular distance is less than some criterion. The last conversion
line produced by this iterative process is then used to place the items
from the second calibration onto the base metric of the first calibration.

Summary

It is e sential that all item parameters be on a common metric prior
to testing in an adaptive mode. The contrived example dealing with the
miracle weight reduction drug illustrated the importance of metric
considerations. 'Three basic designs for data collection were discussed:
single-group, equivalent-group, and anchor-test designs. The three-parameter
logistic item response theory model -Ws introduced as the model for
guiding the item linking process. Finally, several analytical procedures
for item linking were described briefly.
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Introduction

The goal of this presentation is two-fold: to describe the various
approaches to adaptive testing that have been implemented, planned, or
considered for use at ETS; and to explain test development elements as
practiced at ETS that impact development of adaptive tests.

What is Test Development?

In general one might say that the test development process is driven by
such general measurement concerns as validity, rather than by statisticallybased concerns in the strictest sense. The test development process as

practiced at ETS is lengthy and complex, as it is for all large scale testing
programs, but it can for convenience be partitioned into five major areas of
activity:

Planning. This includes defining the tests to be developed (for example,
developing a normatively-based selection test vs. diagnostic testing);
determining the appropriate test format and size of the item pool; and
developing specifications that include not only statistical targets, but
also characteristics of the test materials themselves such as the nature
of the stimulus materials, item context and content, and the skills to be
assessed.

Generation of acceptable materials. This element of the test development
process includes the writing and review of test materials in sufficient
quantity within the allocated resources of time and money. Issues pertinent
to this area include choice of writers for materials, quality of items pro-
duced in first draft (including achievement of target difficulty levels),
and specifications for item-writing algorithms.

Assembly or inventory maintenance of test materials. This area includes
issues related to actual or potential groupings of items, and problems
associated with these groupings such as item context, item content, key
distribution, and word overlap or content redundancy. General administration
issues such as directions and sample questions are also part of this area.

Quality control and maintenance. This includes such issues as test security
and establishing and maintaining accuracy of keys and item coding.

Review of item data for cyclical improvement of tests or item pools.
This includes checking on prior estimates of item difficulty for future
efficiencies as well as elimination of items that have become obsolete
or whose statistical characteristics are not robust on repeated adminis-
trations.

Each of these five areas raises issues having applicability to one or more
modes and purposes of adaptive testing.

Varintion in Adaptive Testing

Adaptive testing may be broadly conceptualized as having one of two
fundamental aims: increased efficiency of interpretation and administration;
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* or complex diagnoses of skills, strengths and weaknesses. In general,
this division is associated with two corresponding modes of item selection,
whose development and selection are related to one's primary purpose for
testing. The first of these focuses only on the correctness or incorrectness
of an answer to an item at a particular point, with a resulting decision to
adjust the difficulty level of the succeeding item based on the correctness
or incorrectness of the prior choice. The second major strategy for item
selection, generally related to more complex testing needs of diagnosis,
focuses on the nature of the option chosen as well as its correctness or
incorrectness. In this model, the succeeding item leads to a separate
content or skill area depending on the option chosen. This may or may not be
accompanied by a shift in the difficulty level of the succeeding item.

Which of these methods will be selected is not only determined by the
purpose of testing but is also related to the establishment of test specifi-
cations. Specifications are designed aifferently (and items are written
differently) for these two purposes. In addition, practical aspects of
delivery mode and administration will differ for these two types of adaptive
tests. In practice these two major types of adaptive testing share a number
of problems but have some unique aspects as well.

Interest in adaptive testing at ETS appears to stem from three major
sources that have influenced selection and development of projects. The
first of these, and probably the most widely recognized, is an interest in the
psychometric implications of current or projected adaptive testing applications.
The second is practical exigencies (for example, limited testing time, or the
need for complex diagnostic information about individuals). The third of these,
less commonly recognized than the preceding two, is a concern for the morale and
motivation of candidates to whom tests are administered. At ETS there is
growing concern with candidates' being required to attempt responses to many
items for which there is a very low probability of their responding correctly.
(The converse is also of concern, the situation in which more able test takers
are required to respond to large numbers of items for which there is a very
high probability of their answering all correctly).

ETS is currently considering, for example, aeveiopment of two-level
sequential tests for a major admissions program, where currently a score at
the 50th percentile may require answering fewer than half of the items presentc!
correctly, and the top 37 percent of the score scale serves only to differentiate

*• among the top 2 percent of test takers.

Projects at ETS have utilized a wide variety of modes of delivery over
• the past 20 years or so (although I believe the adaptive test first appeared
"*Q in recognizable 'orm in 1916--Louis Terman's revision of the Binet-Simon scale).

These range frovr ,raditional paper-and-pencil locator tests developed to meet
specific projects' needs (such as those developed for the Sequential Tests of
Educational Progress), to computer-delivered branching tests that serve as

-' -prototypes for long-range technological planning.

*, Between these two extremes we have worked with self-paced branching
* paper-and-pencil test utilizing latent images; and Kodak microfiche-delivered
*self-guided diagnostic branching tests and supporting materials in mathematics.
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Test Development Issues

In the following sections, it seems appropriate to focus primarily on
computer-assisted delivery of items for general branching (not highly

diagnostic) use, because this particular combination both shows the most

promise and presents some of the most difficult problems for test development

in adaptive testing. But what are some of the most salient aspects of the

test development process that support such applications?

As mentioned earlier, the first phase of the test development process

is planning, which includes determination of test specifications. In a wide

variety of contexts, the adaptive testing literature appears to focus primarily

on statistical aspects of an item pool. For example, Warm (1978) mentions

eleven pieces of information about a group of test items necessary to code and

store for certain types of item sharing, but no mention is made in the list of

content specifications other than the simple naming of the dimension to be

tested.

This is clearly not the equivalent of complete test specifications such
as are required for large scale assessment in more traditional modes.
Specifications for such programs usually include information about four areas:

o content and skills--domains to be sampled, relative weight to be given
to each domain, skills required, balance of curricular or other
content-related differences

o test and item format--selection of item types most clearly related to
content or skills, appropriate level of language or reading ability,

directions and sample items, multiple-choice or other format

o psychometric--required level of difficulty, distribution of item

difficulties, target homogeneity of items, equating requirements,

number of items and time alloted

o sensitivity--requirement for materials reflecting diverse cultural

backgrounds or special experiences

Many of these specifications areas are, of course, ordinarily specified

in discussions of adaptive tests. Among these are the purpose of the test,

the number of items contained in the set, and target distribution of item

difficulties. Other specification areas are clearly not relevant to most

adaptive tests, such as test length, mean difficulty of the item pool, and
desirability or degree of speededness. Some specifications areas should be

detailed for adaptive testing but usually are not, such as content, sensi-

tivity context, and nature of stimulus materials.

The following remarks will focus primarily on areas that need closer

scrutiny than they typically receive. In addition, I will discuss other,
more general, test development issues that are not variable across individual

tests, such as key distribution, conceptual and word overlap, item ordering,

and instructions.
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Content, skills, and stimulus materials specifications

As mentioned earlier, little attention has been given to content
specifications in adaptive testing. IRT applications of course assume
unidimensionality of the items in a pool. Whiie the determination of the
degree to wlich this assumption has been met within a part r pool is
difficult, in practice u.iidimensionality appears usua.!v to uite broadly
construed and widely taken for granted in the construction .,t item pools for
adaptive testing. Perhaps it has been this orientation toward assuming
unidimensionality that has deflected attention from development of detailed
specifications of item content, such as are usually required of item sets
for large-scale assessment in other modes.

Despite the necessary assumption of item unidimensionality, there is
some recent evidence (Swinton and Powers, 1981) that tests usually considered
to be unifactorial may not in fact be so for subgroups of the test-taking
population, and that additional factors present for subgroups may correspond
to content specifications. Swinton and Powers found that in the Graduate
Management Admissions Test (GMAT), the verbal sections were unidimensional
for females but not for males. For males, there were two verbal factors:
reading and grammar.

It is quite likely that many large-scale applications of adaptive
testing will require a very broad range of content (and possibly of item
types as well), if the pool is to be of practical utility for large numbers
of subjects with a wide range of ability and preparation. This creates a
high probability of people taking different looking tests (at least) and
possibly even tests with differing factorial structures. These differences
in factorial structure can, to a great extent, be controlled by proper
classification and representation of various item types, with corresponding

*programming for branching.

There are clearly at least two approaches to dealing with this
question of factorial structure and unidimensionality. The first is restric-
tion of the item pool to a limited (but clearly specified) range of content,
whose known factorial structure does not differ for salient population sub-
groups. The second is the organization of branching strategies, such that
content subareas are proportionally represented to all test takers. This
latter approach seems more defensible for most practical applications, especially
because the desired range of thetas may in fact rule out the former approach

• since not every content area and skill is associated with the entire range of
item difficulties.

PI Controlling content through detailed specifications can be expected to
add to the general utility of the test, as well as to its psychometric
properties. For example, when two test-takers are presented with a sequence
of items to test their reading ability, control of content specifications
could insure that the less able of the test-takers did not receive only items
requiring literal comprehension of newspaper advertisements, while the more
able test-taker received only items dealing with inferences concerning
scientific expository materials.
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Without control of content specifications, it is quite likely that if
two test takers did receive and respond to such disparate item sets, one
might demonstrate through statistical analyses that the resulting scores could
meaningfully be compared. But even the most ardent devotee of IRT applications
could sense that the general public of test takers and data consumers might be
dissatisfied with this situation.

Moreover, if this situation were to obtain for even a small proportion of
the test takers, issues of legal defensibility might well arise, And, unfortun-
ately, there is little in the current literature on parallelism of test forms
that would be likely to be of assistance in this situation. There is no
generally accepted definition of test parallelism to fall back on; we can only
attempt to demonstrate careful control of likely sources of irrelevant variance:
and content is certainly one of these sources.

How can one best specify test content? For most adaptive testing

applications that test content should be specified as completely as it tradition-
ally has been for other modes of testing: a matrix of major content areas and
cognitive skills with proportions specified, coupled with sampling of content
subareas within these cells. Moreover, to the degree possible, each cell
should contain easy, medium, and difficult items. Item presentation rules
should provide each test taker with a constant mix of items, at the difficulty
levels appropriate to each individual.

In 1979, ETS commissioned a preliminary study of item classification
for a wide range of potential applications, including item library support,
computer-assisted test assembly, and item banking. This study sheds some
light on the complexity of item classification for adaptive testing.

Poyner, Lippey, and Buntaine (1979), responding to needs created by the
size of ETS's total item pool, devised a general classification strategy
appropriate to a wide range of subject matter areas. ETS at that time reused
30,000 items annually, and added up to 40,000 items to its files annually.
The classification strategy developed by Poyner and his associates included
three "dimensions" or categories of classification. General dimensions
were those that contained information that all items are expected to have,
such as correct answer, security status, and intended difficulty or appropriate-
ness for age levels. Cumulative dimensions were intended to store historical
use and statistical data associated with items. These dimensions were
characterized by Poyner as being open-ended, in the sense that more recent
data augment, rather than replace, previous data. The third category,
collection dimensions, is used for classifying content-dependent attributes
of items. Collection dimensions are structured much like an outline of a
subject area and in Poyner's system can contain up to five levels of subheading.
Table 1 shows a sample collection outline for mathematics. The number of levels
actually used depends upon the particular collection. Some collections may
require that three of the available levels be used, while others may require
two, four, or five. Within a single collection, different numbers of levels
may be defined in different areas of the collection. In addition, a second
field, alternate category, was defined for use with items that could be
classified under more than one category.
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It is probably apparent from this description that the development of
content codes for adaptive testing is of great practical importance but of
considerable complexity.

Issues in item-writing and review

I would like to turn now to another set of issues that is dealt w-.th
during the writing and review segment of the test development process. This
set of issues relates directly to the much-discussed concept of test-wiseness.
Test development has evolved a series of very detailed "rules" for writing
and reviewing test materials. These rules are linked primarily by their
intention of focusing the test taker on the test content itself, rather than
on irrelevant attributes of the test or its format, such as the placement
correct answers. Unfortunately, it seems popular to attempt to focus test
takers on these irrelevant attributes rather than on the content. For
example, a recent popular book advises students that when they are in doubt
as to a correct answer they should guess either B or D.

Some item-writing rules pertain to any well-constructed test. These
include attention to the length of each option, establishment of a parallel
gramatical structure for all options, the avoidance of value judgments or
inflammatory language, consistency of the degree of qualification of correct
and incorrect answers, and the avoidance of use of negatives, especially the
double negative. Other item writing and reviewing rules, however, present
issues of particular importance for adaptive testing. These include such
questions as key distribution, consistency of style and format across an item
pool, the ordering and grouping of items, and avoidance of word or conceptual
overlap among items within the same pool.

Key distribution. In ordinary test development procedures, the test
assembler uses various ploys to avoid having the position of the correct
answers form a pattern that might become a source of distraction to the test
taker. For example, test assemblers avoid over-representation of one key
position, clusters of items with the same key, and chains of correct answers
in sequence (such as A, B, C, A, B, C, A, B, C). In computer-delivered
adaptive testing, the test taker does not have present the entire array of
choices that he or she has made, but obvious patterns in correct answers will
still be perceived by the test taker, and will be even more troubling since
answers cannot ordinarily be changed once the next item has been presented.

There are two approaches to the problem of key distribution that readily
come to mind: an interactive provision for revising the position of the correct
option based on the previous responses of the individual test taker; and
selection of the next item to be administered partially on the basis of the
position of its key. In my opinion, the latter is by far the preferable
alternative. Changing option order may alter the difficulty of the item.
Items with the key in position D and E are ordinarily expected to be slightly
more difficult than the same item with the correct answer in position A or B.
Moreover, many items particularly in mathematics and science have their options
arranged in logical order and simply do not lend themselves to option
rearrangement.
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Consistency of style. When a set of items tests a very wide range of
ability, it tends to have a number of characteristic styles associated with
ability levels. These stylistic differences may include differences in

wording and placement of directions, diction (for example, in reading compre-
hension is the stimulus material referred to as the "story" or the "passage"?),

the number of options associated with each item, and the use of sample questions.

Any of these stylistic and format differences can be distracting to the test

taker and consequently disruptive to test interpretation when a test taker has

answered a set of items incorporating diverse styles. Variation in the number

of options may have additional psychometric ramifications in adaptive testing.

Item overlap. Another test development issue that merits special
consideration in the case of adaptive testing is item overlap. Certain item

types such as definitional items and certain types of verbal reasoning items
xequire that there be no overlap of key words or phrases, in order that knowing
one piece of information should not be given what is in effect double credit.
With any item type or group of items one must also be concerned with conceptual
overlap; that is, does one item inadvertently provide information to help answer
another item? These concepts take on special meaning in applications of adaptive
testing, particularly in light of concern with local independence of items.
With the elements of the item set unknown before the test taker responds to them,
word overlap cannot easily be controlled, unless one is willing to prescribe no
overlap across the entire item pool. This practice, however, maybe unduly
restrictive in large item pools.

Item overlap at the conceptual level may be very subtle and difficult to
detect, particularly in items testing higher-level cognitive skills. At ETS
a separate review aimed at identifying this type of overlap is conducted by
editorial specialists. At the extreme, these individuals may work with groups
of very difficult items that number up to approximately 200, and this is probably
close to the limit of feasibility for detecting conceptual overlap. When much
larger item pools need to be checked for conceptual overlap, it appears that
the most straightforward solution is simply to partition the pool into groups
of items that are likely to address similar problems or that have been design-
ated as measuring similar content. Overlapping item sets may also be designated
as an additional aid to detecting overlap. The test content and skill specifi-
cations provide a guide for such partitioning of item pools. These smaller sets
of items may then be reviewed for conceptual overlap by subject-matter special-
ists. This implies, of course, that one is willing to tolerate the remaining risk
of overlap across the item subgroups.

The use of item sets. The use of item sets represents a particular concern
in adaptive testing for a number of reasons. The first of these is the fact
that item sets of some types are suspected of violating the IRT assumption of
local independence of items. In addition, there is the practical problem of the
length of stimulus materials for certain types of item sets. For example, the
stimuli for many reading comprehension sets, particularly those that ask
difficult or higher-level cognitive skill questions, are quite lengthy. In
some cases, the stimulus material may not all fit on the computer screen at one
time, much less be presented along with its associated items.
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There is another practical problem area in the use of item sets: Most
branching strategies are devised using the single item as the basic decision

* unit. This implies that the stimulus material, no matter how lengthy, would be
presented with only one of the set of items associated with it. In the case
of a reading comprehension test, a test taker might be required to read a

* 700-word passage in order to answer a single question. In the worst instance,
the student might at a later point in the testing be required to read the same
700-word passage again and answer a different single question. It is apparent
that such a situation would largely negate any gains in efficiency expected
because of the adaptive testing mode.

One solution to this set of problems is simply to eliminate the use of
item sets in any form. There is a drawback associated with this, however:
this practice can unduly restrict the range of subject matter that can be
tested. Many complex and sophisticated questions require lengthy stimulus
materials and are thereforelmore efficiently measured in sets. An alternate
solution has been proposed. Stimulus material is presented at the appropriate
time with the complete set of questions associated with that material. At
the initial presentation only one of these items is of immediate interest for
the adaptive test. This item is scored in the usual way and the appropriate
follow-up item is then presented. Other members of the original item set are
given priority for selection in future branching decisions. These items need
not reappear to the test-taker since they .tre retained in memory and will
simply be scored at the appropriate time. The test taker will then be branched
to the next appropriate item. Certain items in the set will, of course, never
be required by the branching rules and will tius never be scored. These
represent wasted time for the test taker.

Directions and examples. In designing directions and sample items for
adaptive testing, the first difference from traditional testing that becomes
apparent is that directions and sample items are no longer applicable to complete
blocks of items. By the very nature of adaptive testing, item types and formats
are mixed rather than presented together in assembled blocks. In a recent
application at ETS, full directions for each item type were presented before the
first item of each type. When the second or subsequent item of the same type
was later presented, an abbreviated form of the directions was displayed along
with the item at the top of the screen. It should be noted, however, that this
method implies that some item types are incompatible in item ordering. For
example, the format of synonym and antonym items is highly similar, and even
with abbreviated directions displayed on the screen above the item it is difficult
for a test taker to avoid confusion about which item type is currently being
presented.

Feedback to test developers. In any item pool certain items will eventually
be discovered to be flawed or to have become obsolete. An important element in
identifying such problematic items is candidate feedback. In order to facilitate
such feedback, it is desirable that in adaptive testing an item identifier be
presented with each item taken so that the test taker can accurately identify
any item that he or she wishes to critique. Obviously the simple sequential

1W. M. McPeek (ETS), personal communication, September, 1981.
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item numbering of traditional paper-and-pencil tests is not.appropriate in this

situation. This candidate feedback information may also be considered an

important step in demonstrating to test takers the test developers' commitment

to preventing bias in the testing materials.

It should be clear from the preceding material that there are a great

many test development issues still to be resolved for most applications of
adaptive testing. However, we are in the midst of no less than a measure-
ment revolution, and the great potential of IRT-supported adaptive testing
deserves no less attention to the quality of the materials delivered than
do more traditional testing modes. We must resist the temptation to become
so embroiled in mechanics or technology that we lose sight of our basic
measurement goals.
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Table 1

Sample Collection Outline

- Coded

i Positions Subject Matter

1-2 3 4 5 6

AL 0 0 0 0 1. Algebra

AL 1 0 0 0 A. Algebraic Operations on Algebraic Expressions

with Real Numbers

AL I 1 0 0 1. Addition

AL 1 2 0 0 2. Subtraction

AL 1 3 0 0 3. Multiplication

AL 1 4 0 0 4. Division

AL 1 5 0 0 5. Parentheses

AL 2 0 0 0 B. Translation (except %)

AL 2 1 0 0 1. Writing symbol expression for verbal statement

AL ? 2 0 0 2. Writing equation for solution of problem

AL 3 0 0 0 C. Linear Functions

AL 3 1 0 0 1. Solution - Linear Equations

AL 3 1 1 0 a. Integral Coefficients

AL 3 1 2 0 b. Rational Coefficients

AL 3 1 3 0 c. Irrational Coefficients

AL 3 2 0 0 2. Solution - Linear Inequality
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Psychometric Considerations for Adaptive Testing SZstems: Admin-
istration and Validation

Bejar, Isaac I., (Chair); Jones, Douglas H.; Rock, Donald A.; and Wainer,
Howard, Educational Testing Service, Princeton, New Jersey; Waters,
Brian, and Lee, Gus C., HumRRO, Alexandria, Virginia.

Once the item pools have been developed and calibrated, it becomes
possible to administer tests adaptively. Much research has been done
with synthetic data to evaluate different procedures for test adminis-
tration and scoring. In practical applications we are likely to find
problems that are not present with synthetic data. Two components of
the adaptive test, item selection and ability estimation, are espe-
cially vulnerable to empirical disturbances and will be the focus of
two of the papers. The validity of adaptive testing is also an in-
herently empirical question. A framework for validating adaptive
testing will be the focus of a third paper. The last paper will
discuss the proposals offered by the previous three papers from a legal
perspective.
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Foundations for the Mathematical Notion
of Information in Item Response Theory

and Robust Ability Estimation

Douglas H. Jones
Educational Testing Service

Abstract

Much attention is devoted to the information function associated
with a mental test. This is based on the belief that the estimate
of ability is approximately normally distributed with mean value
equal to the true ability parameter and variance equal to the
reciprocal of the information function. Computerized adaptive
testing is particularly dependent on the truth of this assertion,
since the test is constructed for an individual examinee at the
same time the test is taken. This is done in order to maximize
the information function for the most recently available estimate
of ability.

A mathematical setting based on a statistical sampling probability
mechanism will be described. In this setting, a mathematical
meaning is given for the information function; and it becomes
possible to study the relative merits of various ability-estimating
procedures.

Among these estimation procedures that will be compared are the
maximum likelihood estimation procedure under the one-, two-, three-
parameter logistic response model, and some new procedures that
are suggested by resistant/robust theory.
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Foundations For the Mathematical Notion
of Information in Item Response Theory

and Robust Ability Estimation

Douglas H. Jones
Educational Testing Service

Princeton, New Jersey

Item response theory is an attempt to apply statistical
theory and methodology to inferences about a subject's ability.
The statistical theory receiving the most attention has been that
based on the Fisherian concept of information and the associated
principals and methods of maximum likelihood (Birnbaum, 1967).
Forsaking Fisherian optimality to gain estimators with high
stability, researcher's have recently attempted to extend item
response theory to realistic testing situations by employing
concepts of robust statistical theory (Wainer and Wright, 1980;
Bock and Mislevy, 1981). Although robust statistical theory,
as developed by Huber (1981), is primarily concerned with dis-
covering and prot-cting oneself against the least informative
model close by the ideal model that can explain the mechanics of
inconsistent observations, item response theory researchers have
developed estimators of ability that imitate the way the maximum
likelihood estimator, associated with Huber's least favorable
models, reduces the impact of maverick observations. While Huber's
theory yields variance estimates as an easy by-product of his
methods, adequate variance formulas are not available for infer-
ences in item response theory based on robust estimators developed
thus far. Extending Huber's elegant concept of robust theory to
the item response problem is a worthwhile task for it may afford
practitioners with streamlined techniques for making accurate
inferences. In the meantime, however, our task is that of meeting
the immediate problem of practitioners required to make inferences
under adverse conditions, even if this is accomplished with ad hoc
estimators.

'This article describes an attempt to develop the concept of
influence in item response theory that parallels a similar concept
in robust theory in order that the methods of robust theory be
better applied although the results may be ad hoc. Some of the
progress in this direction has resulted in a new class (h-estimators)
of robust estimators of ability and a systematic approach to the
derivation of bias and variance formulas. Not only may these
formulas be used for constructing confidence intervals for a subject's
ability, they may be used to compare the efficiency of the h-estimators
to that of the standard maximum likelihood estimator.r An example will
be given showing that the worse the h-estimators can do is lose 10%
in efficiency, or one item in ten, relative to the maximum likelihood
estimator, while maintaining strong stability in the presence of ma-
verick observations -- a property that is absent from the behavior of
the maximum likelihood estimator.
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After the preliminary notation and results are presented, which
hopefully are adequate for informing the reader about robust methods,
attention will be again directed to Huber's robust statistical theory
and its applicability to item response theory will be discussed. It
should be noted that one must be very careful in assuming forms of the
item probability of correct response since not every model can
adequately describe observed data (Holland,1981).

This article will conclude with a brief discussion on the theory

of experimental design and how it provides insightful motivation for
some methodology in item response theory, including the important
computerized adaptive test.

Preliminaries

If p(x;O) is the probability frequency function of the response,
X-x, to a given item by a subject with ability e , the Fisher infor-
mation in the response X about the parameter e is defined as

2
I(6) = {[ap (X;e)/3e]}. The term information is used for this

quantity, since the joint information in two independent responses
X and Y, I(Xy)(0) is the sum of the individual information values:

IM~Y) (e)- Ix(e) + Iy(e) 1 (1)

and the average information per observation is the last quantity
divided by two. In general, the average information per observa-
tion in n item responses X1 ,..., X is

n

In(e) - E xi (e)/n (2)

where the sum is from 1 to n. It is easy to show that if only
one observation is taken with equal probability from X1,... X,

where N is different from n, then IN(0) is the information
associated with that observation. This concept also generalizes
to choosing observation X with probability gj to give the formula

for the information per observation equal to

IS(e) E g Ixj(8) . (3)

where the sum is from 1 to N.

It is easily observed that the information in n independent
observations chosen in this fashion is nI (8)
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In practice, a response is either right (X-l) or wrong (X=0)
and the information formula reduces to a simple form:

E( a log pxe)/e- 2 . (P) 2/[PQ] (4)

where P---P(e)=p(l;e), Q-1-P and P'-Dp(l;0)/e.

For illustration and examples, attention will be directed to
the two-parameter logistic response function;

P(B) - exp[ a(B-b) ]/[l + exp[a(S-b)] (5)

where a > 0, the discrimination parameter; - m < b< - , the

difficulty parameter. The following results are applicable to the
three-parameter models; however, since the formulas have simpler
forms, the two-parameter model is used throughout.

Since P'(0) - aP(O)Q(e), the Fisher information simplifies.
Using this simplification and denoting by Pi(0) the probability that

X-l, the information in n responses is

In(0 )  ai Pi(e) Qi(e) (6)

and the information in n responses, chosen independently from
a pool of N items such that X has probability g of being chosen,
is equal to

niE(e) - n Z gja P (e)Q(e).

The log-likelihood function for n observations is equal to
1(B) - E[x ilog P (e) + (1-x i ) log (OM (7)

and the maximum likelihood estimator 8 is the value of 8 that
maximizes t(O). The maximum likelihood estimator is found by solving

implicitly in the equation t'(0) - 0; that is

Z'(0) E ai[xi-Pi(e)] - 0. (8)
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Example: With n - 10, b - 0.8, 1.0 by .2, a =l, i - 1, 10ii

x - (1,1,1,1,1,0,0,0,0,0,), recursive solution of (8) yields the

value 8 -0.11.

If the number of observations is sufficiently large,

[ - e I/[-V(a) 1-1 (9)

has approximately the standard normal distribution thus affording
an opportunity for one to construct confidence intervals
that are likely to contain the true value e. A 95%
confidence interval has the form

e 2 [-V (e)] I + 2 e

The variance can be shown to satisfy

2
l/-Z"(8)-l/E a Pi(e)-l/a P (e)Q(e) . (10)

i i i i

Comparing this last value with the formula for Fisher's
information we see that the variance of the maximum likelihood
estimator is the reciprocal of the Fisher information and this
is true in general (Chernoff. 1975). In (9) the denominator

may be replaced by [nI (8)]- and the normal approximation
g

continues to hold.

The important property of maximum likelihood estimation is its
claim to optimality. For if T is any other estimator of 8 that is

unbiased and V (8) - E(T n-) , the mean squared error, then by the
n

Cramer-Rao inequality, V nC) > i/nI (8). And therefore one can not

do better in estimating than the reciprocal of the Fisher information.

Maverick Observations (Outliers)

Suppose several responses are inconsistent with the majority of
the responses. For example, a subject, whose majority of responses
indicate mediocre ability, gets a very difficult item correct.
Thus, the maximum likelihood estimator is typically overly
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influenced by the inconsistent response as the following example
illustrates.

Example: Let the parameters have the same values as the previous

example but let x = (l,l,l,l,1,D,0,0,0,l), then e = .58.

The primary reason for this distortion is that the implicit
equation (8) weights equivalently the contribution of each item
to the sum. Whenever a response is inconsistent with the rest of
the responses, the difference xi-P ice/) is large (e/i denotes the

estimate obtained by deleting the ith response), and overly
influencing the value of the sum.

Let h >0 and consider the estimator that is the solution to
the equation,

Z a [x -P (6 ) ][Pi(;)Q()]h 0

These estimators, denoted h-estimators, are not overly influenced

by maverick responses. If xi-P(8,i) is large, then, [Pi(%Ai)Qi(i)]h

is small, so that the product does not contribute a disproportionate
value to the sum.

Example: Let the parameters be as in previous examples. In the
following table is displayed values of h-estimators for selected
values of h.

Responses h

x 0(MLE) 0.5 1 2 3

S1 1 1 1 0 0 0 00 0.11 0.11+ 0.14 0.13 0.12
1 1 1 1 1 0 0 0 0 3 0.58 0.41 0.22 0.20 0.19

Note that h-estimators contain the maximum likelihood estimator
as a special case.

The variance of the h-estimator is given by the formula

A(6;F,h) -[ g Faj 2h+11 /[n g -q h+l [)+h(Q1p 2
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where F-(P (e), j-l,..., N;g) and is used to denote the dependence

of the variance on the underlying probability model for response
and item selection, IRQ denotes the product and the explicit

dependence on 8 is suppressed for notational convenience. Note
that A(e;F,0) - l/nig(8) •

The term efficiency will be used to denote the ratio of
variance of two estimators (or in case of biased estimators,
ratio of mean squared errors). If the values of the parameters are
the same as in the examples, the calculated efficiency, maximum like-
lihood to h-estimators, ard displayed for selected values of h.

h 0.5 1.0 2.0 3.0 4.0

EFF 1 .99 .98 .95 .92 .90

These results are most promising for they show that the h-estimators
have high efficiency even for large values of h, when h-estimators
are least affected by inconsistent observations.

Asymptotic variance formulas are also available for true item
response probabilities that are different from the assumed forms.
Denote the true item response function for item j by P• (e). Then

for F*-(P*j, Ji, ... , N,g), the variance is given by

A(e;F*,h) -

n [Eg a 2 PQ*P + Eg a 2 (P~ *-.P )2 P2h

Under models other than the assumed one, both the maximum likelihood
estimator and the h-estimators are asymptotically biased. Formulas
for the bias are given by

h 2, ~
B(O;F*,h) " - a 1j (PE -Pj)/ 1 gaIS ha PQ

Combining the variance and square of the bias allows one to
determine the relative efficiency under F*. The only decision that
must be made is which F*. Meaningful alternatives are difficult to
formulate and this is an open area needing much more exploration.
More on this will be discussed later.

Example: (Distortion of Difficulty Parameters). Suppose each P* has
a difficulty parameter b * - b -0.1, then in the following table

are displayed the relative efficiencies for selected values of h.
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h 0.5 1.0 2.0 3.0 4.0

EFF 2.24 4.83 19.15 51.46 82.62

This example illustrates how astonishingly bad the maximum
likelihood estimator can be relative to the ad hoc h-estimators.

Finding Suitable Models

The problem of finding models that appropriately describe
maverick responses was touched upon in the last section. Should
reasonable models be discovered, then neighborhoods of these
models surrounding the idealmodel could be investigated for the
one yielding the least Fisher information. As protection from
this least favorable member one could employ the best possible
estimator available for observations generated by it. In this
fashion, one would naturally be lead to a "robust" methodology
and this is the general program followed in standard statistical
literature (Huber, 1981). Thus one is tempted to employ some of
those ideas in constructing models for item responses. However,
derived models may not be suitable when compared for fit on data
aggretated over many subjects.

Sequential Design

As derived earlier, the Fisher information per observation
X, I. (e), depends on the unknown ability parameters. This

presents a difficulty when one tries to select an item to maximize
the information. One would attempt to use some prior information
to locate e in some interval, then zero in with repeated items to
yield the highest information. A method that parallels a practice
in bioassay is to initially administer items widely scattered
throughout the difficulty range of the item pool in order to create
the prior information. Based on an estimate of e , then, item

j would be selected if IX (e) were largest among the remaining

items.

Several ideas discussed thus far impact on this program.
I I (6) is the quantity to maximize over J, only if the estimator

is the maximum likelihood estimator. If any other kind of estimator
is used, such as h-estimators or other "robust" estimators, the
variance formula must be minimized by the new item that will be
administered. Therefore reasonable approximations to these variance
formulas are required to do the job.
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Proper comparisons between sequential design schemes and proper infer-

ences of the subject's ability may only be made if the correct repeated
sampling variances or information measures are known. The value or

'Xi(e) obtained at the end of a sequentially administered test is not
the Fisher information of the probability response function; nor would
the similarly obtained variance formula be correct for robust estimators.
The problem lies in the fact that the item responses are not independent.
In fact, the probability frequency function of X depends on the
responses X, ...,X since the item is chosen actoiding to these
responses trough tAe value of e • The relevant Fisher information

for the i+l observation is the expectation over X, ... ,X of the

quantity 2

Once the Fisher information of an n itemp sequential test is
obtained it should then be compared to nI (0). If the information

g
value in the sequential test is not appreciably higher than the
fixed sample test, then the additional cost of sequential item
administration may not be justified on the grounds of improved
accuracy alone.
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Validity Considerations for Adaptive Testing Systems

Donald A. Rock and Isaac I. Bejar

Educational Testing Service

Princeton, New Jersey 08541

Almost all tests today are administered in a paper-and-pencil
mode. That is, a group of testees gather to take the test, which
has been previously printed in a booklet. Responses to each

question are recorded on an answer sheet. Generally, everyone
responds to the same set of questions unless more than one form
of the test is being administered for administrative or scoring

reasons. I shall refer to this mode of test administration as

conventional.

Perhaps the major reason for the almost exclusive use of
conventional testing is economy. It is relatively inexpensive

to print tests. Costs may be reduced even further if the
printed tests are reusable. The staff needed for administering

a conventional test consists of at most a few monitors. Thus
the cost of testing per testee is minimal. Although the
cost effectiveness of the conventional procedure is undeniable,
developments in psychometrics, and computer science, have made
it possible to administer tests by computer.

Advantages of CAT

From a psychometric point of view, there are two distinct
advantages to computer administration. One is increased
precision of measurement, the other is a more controlled

testing environment. To the extent that these advantages
improve the validity of test scores, it may be argued that

computerized testing is capable of breaking the "plateau" in
validity of conventional testing which currently exists These
two central advantages of computerized testing go back at least

to Binet (cf. Weiss, 1973). Because of the nature of his
intelligence test and the population he tested, Binet found it

necessary to administer the instrument on an individual basis.

It must have become obvious after a short while that there was
no point in administering the entire test to every individual.

Instead, it was more efficient, and psychologically more
judicious, to limit the test to those items which were "appro-

priate" in difficulty for a given individual. This is precisely
what computerized adaptive testing is all about: constructing
a test tailored to each individual test-taker. The "tailoring"
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is done by the computer on a sequential basis; that is, what
item is administered next depends on the testee's performance
either on the previous item or on all previous items. The
procedures for this tailoring are called adaptive testing
strategies.

Evaluation History of Adaptive Achievement Testing

Although there seems to be unanimous agreement that
adaptive testing is, in principle, a good idea, its empirical
evaluation has proven difficult in practice--for reviews, see
Weiss (1973); Wood (1973); McBride (1976); Kreitzberg, Stocking,
and Swanson (1978). On the whole, however, the research
suggests that adaptive testing is superior to conventional
paper-and-pencil testing in that it measures more precisely
over a wider range of performance levels. Nevertheless, for
several reasons, the existing research is less than adequate in
evaluating the usefulness of adaptive testing for achievement.

Much of the research is based on simulation and analytical
results. Monte Carlo and analytical evaluations of adaptive
testing are to some extent misleading since they assume that
the latent trait model fits responses obtained under the
adaptive procedure. The problem is best appreciated by
examining the procedure of fitting the model, e.g., estimating
parameters, to a pool of items. One procedure would consist of
administering a previously calibrated test along with the
to-be-calibrated items. Since the number of items that can be
given to any sample of testees is limited, additional samples
would be required to calibrate the entire pool. The fact that
all samples responded to a set of common items allows the
estimations of the uncalibrated items on a common metric.
Eventually, all the items are mixed in a pool and administered
by computer. When an item finally appears on the screen of the
computer terminal, there is no guarantee that responses to it can
be accurately modeled using the previously obtained parameters,
since the context in which the item appeared at calibration
time is very different from the context in which it appeared in
the adaptive test. Furthermore, in an adaptive test, there is
reason to believe (e.g., Yen, 1980; Whiteley & Dawis, 1976) not
only are the surrounding items different but also the medium of
presentation. In addition, feedback is often given as part of
the computerized administration; this raises the possibility of
violations of the local independent assumption (see Gialluca &
Weiss, 1980).

From a pragmatic point of view, the ultimate triumph or
defeat of adaptive testing is not likely to depend entirely on
how much information it extracts (i.e., reliability) but also
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on internal and external validity considerations. Similarly,
it is misleading to judge the content validity of adaptive
tests as done by McKinley and Reckase (1980) especially when no
attempt was made to have the administration program samples
objective in the desired manner. These considerations suggest
that a more defensible approach to the validation of adaptive
testing, and educational measurement in general, is construct
validation. (See Messick, 1975, for a discussion of construct
validation of educational measures.)

A Multi-purpose Validity Model

Psychometric theory suggests that computer adaptive
testing should: (1) yield more accurate assessment for a fixed
number of test items than paper and pencil linear procedures,
and (2) maintain a high level of accuracy across subgroups
differing in ability levels. However, the introduction of new
assessment procedures such as Computer Adaptive Testing (CAT)
which differ significantly from the traditional approaches
introduces the posibility that individual performance scores
may be effected in a new and/or different way by the presence
of method variance that may or may not be independent of the
trait content. Furthermore, the method component (if it exists
in a non-trivial amount) may or may not be related to external
criteria. Skills and/or attitudes that contribute to performance
at the computer console (independent of the traits beng measured)
may also be related to certain training or job performance
criteria. The model proposed here takes these factors into
consideration.

This paper will outline a general procedure for comparing
CAT with more traditional assessment procedures with respect
to: (1) validity generalization across traits and populations
of different ability levels and (2) predictive validity. That
is, we will apply a factor analytic generalization of Campbell
and Fiske's (1959) multitrait-multi-method (MTMM) procedure to
the problem of distinguishing method variance from trait
variances within both a predictive as well as a construct
validity framework.

A classical test theory formalization of the MTMM Model
using maximum likelihood confirmatory factor analysis was
presented by J~reskog (1971), and Werts, Linn, and J~reskog
(1971) give a path analytic representation of the same multi-
trait multi-method model. The approach suggested here is an
application of J8reskog's confirmatory factor analytic
procedure to the problem of estimating and testing the invariance
of the trait, method, and error score components across populations
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characterized by different educational levels. Procedures will
also be presented for examining the relationship between the
traits, methods, and an external criterion.

To clarify the model, consider a situation where the
validity of arithmetic reasoning, mechanical reasoning, and
verbal ability traits are under investigation. Furthermore,
assume three methods of assessment under investigation: paper
and pencil linear, flexilevel (Lord, 1971), and a fully
adaptive procedure such as the maximum likelihood or Owen's
Bayesian. External criteria could be ratings on subsequent
training performance. It is assumed that all subjects within
all sub-populations are assessed on all three traits by all
three methods. Through spiralling the order effects of both
trait and method can be partially balanced along the two
dimensions. It is further assumed that parallel item pools are
available for each method within traits. Using item statistics,
shorter forms of the various trait measures could be constructed
which would keep the total testing time from being excessive.
It is suggested that the various forms be constructed in such a
way that the average number of items used across all subjects
be approximately the same across all methods and traits.

Figure 1 presents the multi-trait multi-method model to be
fitted. The path diagram for the MTMM matrix in Figure 1 shows
P + M unobserved exogenous factors (where P - the number of
variables or traits and M - the number of measurement methods),
one for each separate trait and one for each separate method;
and PM or nine observed endogenous-variables, one for each
trait-method combination. This model suggests that non-random
variation in each observed variable is duz to exogenous sources
of variation, one involving trait content and the other involving
method content, and further that each exogenous factor is
responsible for covariation among specific observed endogenous
variables. As Alwin (1974) points out, this confirmatory
factor analytic models allows for random sources of variation
in each observed endogenous variable. This random variation
includes specific variation unique to a particular measured
variable and variation due to unreliability.

The dotted line from the trait and method factors to the
external criterion indicates that this association between
traits, methods, and criterion will be estimated after the
multi-trait-multi-method construct validity model has been
fitted. That is, this sequence is consistent with the valida-
tion paradigm which first examines whether or not you are
measuring what you think you are and then asks what is the
predictive validity of what has been measured with respect to
meaningful outside criteria.

i.3
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Figure 2

Model I Ho: Method Variance-Covariance is zero -'
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This construct validity portion of the model can be
assessed with the following confirmatory factor analysis model:

x=A f+z ()

E A A- + (2)

where x is 9 x 1 vector of observed scores based on various
combinations of traits and assessment methods, f "is a vector of
hypothesized underlying constructs or factors, A is a matrix of
factor loadings relating x to f, and z is a vector of unique
scores (i.e., errors of measurement). Z and are variance-
covariance matrices of observed variables and factors, respec-
tively and P is a diagonal matrix of error variances. Maximum
likelihood estimation procedures are available either through
S8rbom and J8reskog's confirmatory factor analysis with
model specifiations (1976) or their LISREL IV program (1978).

The sequence of hypothesis to be tested are dictated by
the construct validity models presented in Figure 2. The first

question has to do with whether or not the three trait factors
are sufficient to reproduce the original variance-covariance
matrix. The null hypothesis here is that the method variance
is essentially zero. There are 45 observed variance-covariances
and 21 unknowns to estimate in this particular constrained
model leaving 45-21 or 24 df for the large sample maximum
likelihood ratio statistical test. If the null hypothesis is
not rejected, one would conclude that method variance is not a
significant source of confounding variance when interpreting
the relationship among the traits. If as expected, the null is
rejected then the next step is to test a less constrained model
that allows for trait and method factors.

Consistent with the diagram in Figure 1, the matrix
equation shown in Model II Figure 2 specifies a model in which
each measured variable has a non-zero loading on one trait and
one method factor. In this particular test, the traits and
methods are allowed to be intercorrelated among themselves but
not with each other. If the goodness of 2 fit doesn't significantly
improve as shown by a decrease in the X /df ratio or alternately
the root mean square residual, then alternative models can be
specified depending on the interpretations of the size of
specific residuals. Regardless of goodness of fit, one might
wish to examine the inprovement, if any, from "freeing up" the
trait-method factors cross correlations. It may well be that
hardware based methods of assessment might have a positive
relationship with performance on measured traits such as
mechanical comprehension.
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Assuming that Model II or Model III provide reasonably
good fits to the data, ,one can proceed with the usual convergent
and divergent criteria for the construct validity of the three
traits and methods. However, what is of critical importance
here is not so much verifying the discriminant validity of the
traits but answering questions such as, is any particular
method (e.g. computer adaptive testing) more valid for any one
or all traits? This can be tested by constraining the factor
loadings within traits to be equal, and inspecting the increment
in the X2 . A second question has to do with whether there
is comparatively more method variance for the computer adaptive
testing procedure than the remaining two methods? When the
solution is standardized the square of the respective factor
loadings indicate the proportion of variaince in each measure
which is due to trait variance, method variance, and error
variance. One might expect based on theory that the computer
based adaptive testing might well have the smallest error
variance, but may also demonstrate non-trivial amounts of
method variance (cf., Bejar & Weiss, 1978).

Validity Generalization Across Subpopulations

The above precedure can be generalized to estimate and
test whether the various relationships between trait-method
variances, and covariances are invariant across populations.
For example, theory suggests that for less well prepared
subpopulations, e.g., high school dropouts, and/or extremely
well prepared subjects the computer adaptive testing procedure
should yield more accurate results. This could be tested by
grouping subjects by amount of formal education and comparing
the method loadings within traits from one population to
another. Similarly, one could examine evidence on whether or
not the traits and method variance relationships are invariant
across populations such as race and sex groups. Support for
this type of population invariant construct validity is gathered
by constraining: (1) the method loadings within traits to be
equal across population, and (2) the variance-covar iances
among trait factors to be equal acr ss populations and then
inspecting the increment in the X . This kind of investi-
gation has been formulated within the test bias or test fairness
framework by Rock et al. (1981)

External Validity

External validity relationships with both traits and
method factors can be estimated by taking the "fitted" multi-
trait multi-method factor solution and using factor extension
procedures to regress the criterion on the factor solution.
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Inspection of the resulting pattern of loadings on the trait
factors will indicate the validity of the various traits
unconfounded by method variance. For example, if the criterion

is a paper and pencil test, then one might get an inflated
estimate of the validity of the traits if they were only

measured by paper and pencil procedures. In short, part of
their validity is in a sense due to predictor-criterion

contamination due to shared methods.

SUMMARY

A construct validity paradigm based on maximum likelihood

factor analysis is outlined for comparing the validity generali-
zation of selected assessment methods across both traits and
populations of interest. The "fitted" construct validity

solution can then be extended on the criterion. This procedure
allows one to not only arrive at estimates of the predictive
validity of the traits free of possible methd contamination

but also the predictive validity of the methods independent of

traits.

1332



References

Alwin, D. F. Approaches to the interpretation of relationships in the

multitrait-multimethod matrix. In H. L. Costner (Ed.) Sociological

Methodology, 1974, San Francisco: Jossey-Bass, 79-105.

Bejar, I. I., and Weiss, D. J. A construct validation of adaptive achieve-

ment testing. (Research Report 78-4) Minneapolis: University of

Minnesota, Department of Psychology, 1978.

Campbell, D. T., and Fiske, D. W. Convergent and discriminant validation

by the multitrait-multimethod matrix. Psychological Bulletin, 1959,

56, 81-105.

Gialluca, K. A., and Weiss, D. J. Effects of immediate knowledge of re-

sults on achievement test performance and test dimensionality.

(Research Report 80-1) Minneapolis: University of Minnesota,

Department of Psychology, 198'.
I,

Joreskog, K. G. Statistical analysis of sets of congeneric tests.

Psychometrika, 1971a, 36, 109-133.

Kreitzberg, C. B., Stocking, M., and Swanson, L. Computerized adaptive

testing. Computers and Education, 1978, 2, 319-329.

Lord, F. M. A theoretical study of two-stage testing. Psychometrika,
1971, 36, 227-242.

McBride, J. R. Research on adaptive testing, 1973-1976: A review of

the literature. A paper submitted to the Department of Psychology

in lieu of a special preliminary examination. Minneapolis,

Minnesota: University of Minnesota, 1976

McKinley, R. L, and Reckase, M.D. A successful application of latent

trait theory to tailored achievement. (Research Report No. 80-1)

Columbia: Educational Psychology Department, University of

Missouri, 1980.

Messick, S. The standard problem: Meaning and values in measurement

and evaluation. American Psychologist, 1975, 30, 955-966.

Rock, D. A., Werts, C., and Grandy, J. Construct validity of the GRE
across populations: An empirical confirmatory study. (GRE Report
No. 78-1) Educational Testing Service, 1981.

fI

Sorbom, D., and Joreskog, K. G. LISREL IV: analysis of linear structural

relationships by the method of maximum likelihood. User's Guide,

National Educational Resources, Inc., Chicago, Illinois, 1978.
l' I'

Sorbom, D., and Joreskog, K. G. COFAMM: confirmatory factor analysis

with model identification. User's guide. Chicago, Illinois:

National Educational Resources, Inc., 1976.

1333



Weiss, D. J. The stratified adaptive computerized ability test.
(Research Report 73-3) Minneapolis: Department of Psychology,
University of Minnesota, 1973.

'I

Werts, C. E., Linn, R. L., and Joreskog, K. G. Estimating the
parameters of path models involving unmeasured variables. In
H. M. Blalock, Jr. (Ed.), CaLsal models in the social sciences,
Chapter 23, Chicago, Illinois: Aldine-Atherton, 1971, 400-409.

Whitley, S. E., and Dawis, R. V. The influence of text context on
item difficulty. Educational and Psychological Measurement,
1976, 36, 329-337.

Wood, R. Response-contingent testing. Review of Educational Research,
1973, 43, 529-544.

Yen, W. M. The extent, causes and importance of context effects on item
parameters for the latent trait models. Journal of Educational
Measurement, 1980, 17, 297-312.

1334



"A'AD P001398
Are We Correcting for Guessing in the Wrong Direction?

Howard Wainer
Educational Testing Service

Princeton, N.J. 08541

Introduction

The development of multiple choice tests had as a
concomitant event the increased likelihood of correct
guessing. Traditional corrections for guessing typically
examine the incorrect responses, and assume that, for say a
k choice item, for every k-l incorrect responses observed
there was one correct response that was arrived at through
guessing. Thus a so-called "formula score" on a k
possibility multiple choice test was the [number correcti
MINUS [number incorrect/k-l]. There are many variants on
this general scheme (e.g. De Finetti, 1965) but all assume
that the aim is to obtain some measure that has incorrect
responses as a viable carrier of information. They all,

*given their assumptions about respondents' behavior, yield
an unbiassed estimate of number correct.

Use of these simple techniques for the correction for
guessing is unsatisfactory for a variety of reasons. Lord
and Novick (1968, p. 303) write,

"...examinees who have partial information about an
item do not respond at random, nor do examinees with
misinformation about that item. In these situations,
wrong answers cannot be equally attractive to the
examinee. No simple correction formula is appropriate
in these cases."

They later state (p. 309),

" The simple knowledge or random guessing model is
used extensively despite its several weaknesses. One
such weakness is that it ignores the possible day-to-
day variations in examinee performance ... which
experience has taught us cannot be neglected. An
equally serious weakness is that the model assumes that
if the examinee is unable to pinpoint the correct
response, then he is completely ignorant in this
situation and has no basis for choosing among the

F possible responses. This second assumption can seldom
be seriously entertained."

Lord and Novick present a convincing argument against
the use of incorrect responses as the sole carrier of
information about guessing. The basis of much of their
argument is that simple guessing cannot be thought of as the
cause of much of what is observed in a test response
vector. Since most of these correction methods were working
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from a background of true score theory, there was little
else that could be done.

With the development of latent trait models (what is now
being called "Item Response Theory" or IRT) a new aspect of
the test response vector became available to aid in the
estimation of the testee's ability--the pattern of the

*response vector. Through the use of IRT the items could be
ordered by their likelihood of being answered correctly, and
unusual responses could be noted. Thus an incorrect response
to a very difficult item could be seen as a predictable
event, and tended to confirm the fit of the model. A correct
response to an easy item was also anticipated, and further
corroborated the model. Unusual events were difficult items
answered correctly (evidence of guessing) or easy items
answered incorrectly (evidence of "sleeping") 1. In practice
guessing occurred much more frequently than sleeping. The
strategy to correct for guessing was to either eliminate
items with large residuals from the IRT model, or to change
their response to conform to expectation. The former was
the more frequent choice, but both have the same outcome;
the reduction of the ability estimate.

Note that the introduction of a non-zero lower asymptote
to the item characteristic curve implies that a person can
get an item correct without knowing the answer. This has as
a consequence a reduction in ability estimates. Further,
this method for dealing with guessing causes very
substantial increases in the standard errors of the
estimates of item difficulty and should be avoided if
possible (see Thissen and Wainer, 1981).

The principal difference between the traditional
corrections for guessing and the IRT correction is that the
former focuses on the number of incorrect responses, the
latter principally on the unlikely correct ones. In either
case the result is in general the same -- the lowering of
the score of the testee. It is clear that guessing inflates
the observed score of the testee, but is lowering the score
the best way to go about correcting it?

Obviously if we are sure that the unusual response

pattern was generated by guessing the correct fix is to

reduce the ability estimate appropriately. The problem is
that we can never be sure that it was guessing that yielded
the observed unusual response pattern. Alternative
explanations are possible, and sometimes even likely. One
possible alternative explanation is that the trait being
measured, while unidimensional for most of the tested
population, is multidimensional for some small but
identifiable sub-population. For example, in a test of drug
knowledge, one student indicated that he knew very little
about drugs, but he got three rather difficult questions
correct. The first impulse was to ascribe these correct
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responses to guessing. Upon a closer look it was discovered
that the questions answered correctly dealt with mescaline
and peyote, and the student turned out to be a native Indian
for whom these kinds of drugs were commonly used in
religious ceremonies. Clearly if we reduced this student's
ability estimate based upon the low probability of his
knowing the correct answers to these questions (the
probabilities coming from our test model) we would have
seriously underestimated his drug knowledge. It is the
problems associated with correcting for guessing when the
responses observed were not generated by the sort of
Bernoulli trials posited by most correction schemes that is
the subject of this paper.

The Start of an Alternative

Before we discuss alternative schemes for dealing with
unlikely responses let us restate what we want out of a
test. Usually what is desired is the best estimate of the
testee's ability we can muster and an honest measure of that
estimate's accuracy. This is usually concretized by an
ability parameter and the standard error of that parameter.
True score theory yields standard errors through various
sorts of reliability coefficients (Lord and Novick, 1968,
p. 154ff). Typically the shortening of the effective test
length that is the result of guessing is not fully
represented in the error estimate. Using the three parameter
latent trait model (see for example Birnbaum, p. 453ff, in
Lord & Novick, 1968) the standard error of the ability
parameter is affected by the guessing parameter (see Jones,
1981, for details of how to measure the size of this
effect). Furthermore, there have been very few applications
in which the guessing parameter of the item was successfully
estimated. This is partially due to the problem of trying to
estimate a parameter in a region where there is little or no
information.

Consider the following scenarios in which a test, scored
from, say, zero to 100 is administered and the mean ability
turned out to be 50 with a standard deviation of 10. Suppose
further that we are forced to provide an estimate of each
individual's ability:

1) Student A does not show up for the test.

2) Student B shows up but hands in a blank answer
sheet.

3) Student C hands in an answer sheet on which he got
20% of the items correct, and these were all among
the 25% easiest items.

4) Student D also got 20% of the items correct, and
they were scattered randomly throughout the exam.
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5) Student E got the 20% most difficult items correct
and all others wrong.

How should these various situations be treated? Student
A, most would agree, should be recorded as 'missing data',
and if we must assign him a score we should somehow impute
one based upon the rest of the sample. Certainly we should
not assign a zero ability estimate, for his absence from the
test could have been caused by a wide variety of
circumstances unrelated to his ability (i.e. illness,
transportation failure, family circumstance, etc..). Thus a
sensible way to treat such an individual (aside from saying
"did not show up --- no score assigned") would be to assign
the mean, and to use the standard deviation of the tested
sample as the standard error of this estimate. This is in
keeping with such correction schemes as Kelley's equation

V = e X + (l-p)

(1947, p. 409) in which estimated true score (T) is obtained
by regressing observed score (x) toward the mean (p); the
extent of the regression effect is the reliability ) of
the test. In the current situation the "test" is very
unreliable and so assigning a score of 50 with a s.e. of 10
would not be untoward.

The second scenario is not very different from the
first. Once again the answer sheet is blank, the only
difference being that the testee showed up at the testing
center. Nevertheless, we can imagine many plausible reasons
why the test was handed in blank which are unrelated to
ability. Once again we are probably underestimating the
testee if we assign a zero score, and some sort of estimate
based upon an imputation scheme would surely serve better.

Note that in both of these situations the correction
that is being used boosted rather than lowered the
examinee's observed score. This contrasts sharply with
traditional corrections.

Moving on to the third scenario we find that the
response pattern fits our expectations of how a person ought
to take the test, and so our confidence in the traditionally
estimated ability estimate is well described by the
estimated standard error. Note that in this situation we
have a pattern that is quite likely, and so even though the
total score is about what would be expected by chance the
pattern of responses argues against it.

The fourth situation shows a pattern that might have

been generated by guessing, but it might also have been

generated by a pattern of knowledge different from what we
anticipated. Thus we might lower the ability estimate
following traditional practice, or we might instead conclude
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that we have not measured this person very well (his pattern
does not fit the test) and so we regress his ability
estimate in the direction of the mean and expand the
standard error. When the standard error gets to 10 we can
conclude that we know as much about this person after
viewing his test response vector as we would have, had he
not taken the test. Of course experience has taught us that
individuals who hand in answer sheets like this come from a
population whose mean is considerably lower than that of the
general population, and so we might end up regressing the
score downward.

The last situation is the most difficult to

explain. Most explanations that suggest themselves indicate
a much higher ability. One is reminded of the test results
of Galois in his two entrance examinations for the Ecole
Polytechnique. Perhaps such a pattern was generated by a
very bright student who was bored by the exam and only
started to answer questions when they became
interesting. Certainly we cannot conclude that this student
was guessing, and we would be far better off concluding that
we have not measured him very well and impute a more middle
score and a large standard error.

The preceding five scenarios represent in extreme what
all test patterns show to some extent or other; a pattern
that does not conform exactly to what we, the test maker,
expected. It is my contention that we are more honest in
scoring if, when we find a test pattern that is unlikely to
have been generated by someone behaving as we hypothesized
we should reflect our uncertainty in their ability by
regressing their score toward the middle and by suitably
increasing the standard error of our estimate. This will
avoid the uncomfortable position of having to explain to an
irate parent that the reason their child received a lowered
score was because some of the items he got right were too
hard for him. Rather we can say that his score is higher
than the number right would indicate because he responded in
such a haphazard way that we don't know what to make of
it. The strategy of course is to use more heroic
measures(e.g. retesting) to obtain ability estimates for
those for whom the standard errors of estimate are
unacceptably large.

One can think of this process in a Bayesian way, by
having a prior ability distribution generate a posterior
score; the observed test score with an associated fit

S.statistic being the data that pull the prior toward the
posterior. If the fit is poor the data have little
effect. If the fit is good the data have a more profound
effect. The fit statistic can also used to inflate the
standard error of the estimate (see Finney, 1952). Further
details on one way to accomplish this are in the next
section.
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A More Specific Plan

The foregoing discussion was more epistemological than
operational. We pointed out the problems associated with
assuming that wrong answers or unusual response patterns
were the result of guessing and not, say, idiosyncratic
knowledge. The schemes proposed for correcting this problem
were general, and few details were elucidated, although some
may see some similarities between the use of Kelley's
equation and the more general James-Stein estimators (Efron
and Morris, 1975).

In this discussion we have purposely gone too
far;-Certainly cogent arguments can be made for regressing
the ability estimates obtained from unusual response
patterns inward from their observed values. We have tried to
elucidate some of them here. Yet experience has taught us
that guessing is an activity that occurs frequently, and
accounts for much (though by no means all) of the anomalous
responses observed. Therefore we would like to propose a
middle way. It would seem that a proper scheme to correct
for unusual response patterns would be in-between the
traditional correction (that assumes that all anomalies are
from guessing) and one that professes complete ignorance of
the cause of such unusual response patterns. The method that
we prefer regresses the 'corrected' ability estimates
inward, although not usually as far as using an uncorrected
raw score.

Recently Wainer and Wright (1980), proposed an amalgam
of the Jackknife and the Sine M-Estimator (the so-called
AMJACK estimation scheme) to robustly estimate ability in
the Rasch Model. The aim of this procedure was to obtain an
estimate of ability from each item responded to, and to
robustly estimate the middle of this distribution. The
notion was that items that were responded to in a non-
stereotypic manner would look like outliers and would be
largely discounted in their contribution toward the ability
estimate. The result of this was that ability estimates
tended to be regressed inward toward the center of the
ability continuum from their position after the traditional
correction. The extent of this regression was dependent upon
the fit of the response vector to the Rasch model: the
better the fit the less the regression effect. Using this
scheme we found that the estimates obtained were better in
many ways than the maximum likelihood estimators of
ability. In particular, even when the data fit the model the
AMJACK estimator was more efficient than the MLE for short
to modest length tests (test lengths of less than 40 or so
items); as tests grew longer the asymptotic optimality of
MLE began to manifest itself. When the data became noisier
the superiority of the AMJACK estimator over MLE grew
larger.
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In addition to the increase in efficiency and accuracy
of the AMJACK estimator, we found that the standard error of
the estimator, calculated directly from the Jackknifed

Pseudovalues, increased as the deviation from the Rasch
model increased. This once again is in line with the general
guidelines we described above for a sensible test scoring
scheme, although the actual estimates of standard error
tended to be too conservative.

An AMJACK Example

To better understand how the AMJACK estimator works let
us consider a simple numerical example. Suppose we give a
ten item test whose difficulties span the range from -2 to
+2 logits uniformly, and we observe (among the many patterns
of responses) several shown below:

Ability Estimates on a short test (with some noise) by five methods

MLE
Patterns Uncorrected Corrected AMJACK BIWEIGHT

9 S.E. 9 9 C S.E. 0 S.E.

(Some with guessing)

1) 1110000000 -1.15 .79 -1.15 -1.15 -1.05 .64 -1.07 .78
2) 1110000001 -.56 .76 -1.12 -1.15 -.86 .79 -.91 .77
3) 1110000010 -.56 .76 -1.11 -1.15 -.82 .78 -.81 .77
4) 1110000100 -.56 .76 -1.09 -1.15 -.70 .76 -.69 .76
5) 1110001000 -.56 .76 -1.07 -1.15 -.60 .74 -.61 .76
6) 1110010000 -.56 .76 -1.01 -1.15 ".54 .70 -.55 .75
7) 1110100000 -.56 .76 -.56 -.56 -.49 .64 -.52 .75
8) 1111000000 -.56 .76 -.56 -.56 -.52 .56 -.53 .75

9) 1111110000 .56 .76 .56 .56 .52 .56 .49 .75
10) 1111110001 1.15 .79 .68 .56 .66 .83 .95 .78
11) 1111110010 1.15 .79 .73 .56 .80 .79 1.00 .78
12) 1111110100 1.15 .79 1.15 1.15 1.02 .71 1.02 .78
13) 1111111000 1.15 .79 1.15 1.15 1.05 .64 1.01 .78

(Some with sleeping)

14) 0110000000 -1.84 .89 -1.37 -1.15 -1.20 1.04 -1.66 .85
15) 0111000000 -1.15 .79 -.68 -.56 .66 .83 -.96 .78
16) 0111110000 0.00 .74 .51 .56 .34 .76 .27 .75
17) 0111111000 .56 .76 1.12 1.15 .86 .79 .90 .77
18) 0000011111 0.00 .74 ? ? 0.00 1.36 0.00 .74

The difficulties are -2.0 -1.6 -1.1 -0.7 -0.2 0.2 0.7 1.1 1.6 2.0
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The estimators shown reflect different philosophies of
correction. The first column of 'uncorrected 8' is the
standard maximum likelihood estimate of ability obtained
from the Rasch model. As is obvious, the pattern is
unrelated to either the ability estimate or its standard
error. This reflects the well-known property of the Rasch
model of raw score being a sufficient statistic for
ability. Ordinarily one detects unusual patterns in this
model by examining goodness-of-fit of the model to each
person rather than the standard error.

The two columns labeled 'corrected' are two different
methods of correcting for guessing that are representative
of two classes of corrections. ecl examines the probability

(under the model) of each response. If a response is too
unlikely to have occurred under the model that item is
omitted from consideration in the determination of the
person's ability estimate. This reduces the test length and
so increases the standard error. The gradual increase in
ability that is evident in response patterns 1 through 7 is
due to the average difficulty of the test getting
progressively greater as less and less difficult items are
omitted. The column marked e uses the same determination

c2
rule as 6cl except instead of omitting the item it changes

the response so that the pattern fits the model. Thus it
makes response patterns 2-6 identical to pattern 1, and
similarly changes pattern 14 to be like pattern 1.

The last two estimators are the AMJACK (mentioned
previously) and Mislevy and Bock's (1982) Biweight
estimator. This latter scheme is a robust measure that uses
the adaptive biweight in the likelihood equation. Its
behavior has not been thoroughly tested, but illustrative
examples like that in table 1, indicate that it (or methods
that develop from it) may be worthwhile to pursue.

A careful examination of Table 1 will provide for the
reader a feeling for how these corrections work, and
indicate that the two robust methods shown offer a middle

*- ground. They are less extreme than exther of the two
- corrections, yet not so forgiving as the uncorrected

estimator. We believe that the AMJACK estimator reacts to
unusual response patterns in a way that closely mirrors what
a thoughtful test scorer would do [discount an unlikely
event as bizarre and provide a more or less identical
ability estimate (with a boosted standard error)]. The
Biweight estimator seems to follow this behavior very
closely as well, except that the standard error does not
seem to expand apace. This latter effect is most visible in
the last case (18) in which only AMJACK indicates the
unusual nature of this response pattern (by giving an almost
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doubled standard error).

We believe that the AMJACK and the Biweight estimators
are pretty good first choices to correct for unusual
response patterns, in that they move in the correct
direction. We prefer the AMJACK because it expands the
standard error in a way that mirrors our anticipation. Yet
even the AMJACK is just a first step. It may be that a full-
blown Bayesian approach that determines the amount of
regression effect from more direct evidence of guessing and
sleeping will be better still. Yet, such data are hard to
find, and thus for many applications AMJACK may do as well
as we can expect without extensive empirical prior
distributions at our disposal.

Under what circumstances can this be used?

Whether or not a robustification scheme like AMJACK (or
some improved Bayesian method) can be successfully applied
in paper and pencil tests is uncertain. There are political
reasons why having a complicated scoring method sitting
behind a nonlinear test model may not be easy to implement
widely at the current time. There is, however, one avenue of
application that fairly screams for it -- Computerized
Adaptive Testing.

To better understand the problem area, and how AMJACK-
like techniques can be helpful let us consider the task in
CAT. As an individual answers questions the computer
algorithm must determine new items to ask. There are several
item selection procedures that have been suggested
(i.e. choose the available item that maximizes information,
or one that reduces the posterior variance). All of these
are (or at least should be) in practice, very similar to one
another. The reason that this is the case has to do with the
structure of a well-developed item pool. More specifically,
the slopes of item characteristic curves of items which find
themselves in the pool will be nearly equal. This is because
items whose slopes are low or negative are poor items and
will have been eliminated from consideration in initial pre-
testing and item screening. Items whose slopes are very
steep are very rare--indeed finding one almost always
signals an artifact. Thus equal slopes tend to be the rule
(note also that modest differences in slopes -- all other
things being equal -- have virtually no effect on
information or posterior variance).

Second, if the CAT is working properly we will observe
data on inappropriately administered items even more rarely
than is currently the case with paper and pencil tests. Thus
the estimation of a non-zero lower asymptote will be nigh
onto impossible (there is no 'c' in CAT). This implies that
with information gathered in any reasonably efficient CAT
system we will be unable to tell the difference between an
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item with a non-zero lower asymptote from one with a zero
asymptote.

These two characteristics lead us to the conclusion that
the single driving characteristic of an item that will
determine its selection within a CAT mode is its
difficulty. Thus regardless of the item selection method
used, the item difficulty will be the thing we are most
interested in. To choose a reasonable next item we merely
have to match, as closely as possible, the difficulty to the
current estimate of the examinee's ability. It is here
where these new ability estimators come into their
own. After each item it gives a good estimate of ability and
an honest estimate of its standard error. The former aids in
item selection the latter in determining appropriate
stopping.

AMJACK has only been tested (so far) within the context
of the Rasch model. Certainly there are circumstances where
this simple model will not fit. Yet within CAT it would
appear that the chances of the Rasch model fitting are very
good indeed. Further, the robust character of the ability
estimation scheme gives us protection from even substantial
departures from fit. Moreover it characterizes poor fit with
big standard errors. Obviously AMJACK isn't the end, it
merely moves a little in the right direction. More work is
needed.

Some Concluding Remarks

In this paper we have concerned ourselves with the
problem of how to treat unusual responses in an individual
test pattern. These are most often caused by what has been
referred to previously as guessing. Traditional corrections
for these unusual points yield reduced ability estimates.
We have argued that there are enough alternative
explanations for unusual responses to indicate that a useful
strategy might be to allow that the unusual response pattern
tells us that the person taking the test did not respond the
way we expected, due either to his fault (he guessed) or to
ours (the test was not unidimensional). It is certain that
we do not know as much about him as we would have had he
responded in a manner described by the test model. This
increase in our ignorance is better admitted by regressing
the ability estimate that has been corrected in a
traditional way inward and increasing the standard error. We
suggest that one way to use such scores would be to
determine the accuracy required for the purpose at hand and
to set aside all individuals who were not measured with
sufficient accuracy (scan standard errors) and use the
ability estimates of the rest. Those who were not measured
with sufficient accuracy would then be subjected to
different treatment (another test, a different kind of test,
etc.). It is clear that we do far less damage to individuals
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for whom the test is inappropriate by stating such than by

reducing their score. This is particularly true now with the

necessity of making public test vectors and scoring
keys. The explanation that an ability estimate of a student
was reduced because the items responded to correctly were
difficult is an explanation that will cause more problems
than it solves. The alternative offered is just a first
approximation, but one that moves the correction for
guessing in what we consider to be a more appropriate
direction. It is, in prospect, a fruitful approach to use
within the context of CAT.

Afterthought

The problems of unusual responses discussed in this
paper can be diminished in other, non-statistical,
ways. Most obviously, we could not use the standard format
multiple choice test. Gulliksen (personal communication) has
often suggested that instead of having several choices next
to each item one could just have a long list of choices at
the beginning of each test section. With a long enough list
the probability of choosing the correct response by chance
is small enough not to yield serious difficulties. He also
mentioned that this would make the task of item writing much
easier, since one merely had to think up questions with
their answers, and did not have to perform the very
difficult task of thinking up reasonable wrong answers.

Another suggestion (Wright and Stone, 1979, p. 188) is
not to present items to individuals that are too far away
from their ability. In particular, if the probability of
their responding correctly to an item is less than chance do
not present that item. This does not cause much of a loss in
the accuracy of ability estimation, since items that far
from ability in their difficulty carry very little
information anyway. The problem with implementing this
suggestion in general conditions for wide range tests is
that we do not know an examinee's ability a priori. With
tailored testing this becomes more feasible. A problem
with this approach is that one does not get a check on the
fit of the model if no items are offered that would allow an
unusual response. This strateqy is reminiscent of the
wicked witch's instructions in The Wiz, "Don't you bring me
no bad news!" Of course a middle path is to ask enough
items that are a little extreme so that we can estimate
model fit, but not so many to compromise the efficiency and
integrity of the test. The trade-off between efficiency/
redundancy and the testing of model fit cannot be gotten
away from entirely -- only minimized. The extent of
redundancy used should reflect our faith/knowledge of match
between the test we are using and the model that scores it.

Looked upon as several parts of a single solution it
seems to me that each of these sorts of suggestions can be
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implemented so as to better accomplish the specific aim of
more precise estimation of ability, and a more honest
measure of the accuracy of that estimate.
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Footnote

Since events that we are calling "guessing" or "sleeping"

could have a wide variety of other causes -- such as unusual
patterns of knowledge -- this may be a poor choice of
terminology. Nevertheless we will continue to use these
terms, as a convenient notation, to describe these two kinds
of unusual events.
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LEGAL AND POLITICAL CONSIDERATIONS IN LARGE-SCALE ADAPTIVE TESTING

by

Brian K. Waters

Gus C. Lee

Human Resources Research Organization

As the term implies, adaptive testing is defined as a method of
test construction wherein the items presented to a subject are selected
iteratively dependent upon previous responses, thus "adapting" the test
to the subject. Theoretically, such individual testing should provide
more accurate measurement than group testing. Both simulated and life
data studies have reported that the proportion of items required to
reach a given level of reliability in a computer administered adaptive
test (CAT) are about one-half to three-fourths of those required by
a conventional, paper and pencil test. Such dramatic efficiencies
occur because after each item response, the computer program selects
the next test item from the item pool which will provide the maximum
amount of information about the examinee. McBride (1979) provides an
excellent review of the advantages and possible disadvantages of CAT.
There is little doubt that the use of interactive computer testing will
increase enormously in the coming decade.

CAT is a technology preparing to make the transition from the laboratory
to an operational environment. The vast majority of research and develop-
ment in CAT has been sponsored by the Military Services, particularly the
Navy, since Lord's early work on item response theory and CAT during the
1960s. Today, the Department of Defense (DoD) is sponsoring a large-scale,
multi-year, project to develop a CAT system for implementation in Armed
Forces Examining and Entrance stations across the country.

S." DoD assigned the Department of Navy the responsibility for CAT
development, with the Marine Corps as the executive agent. The Naval
Personnel Research and Development Center (NPRDC), is currently in the
process of selecting contractors to design, develop, and try out a
prototype CAT system for delivering the Armed Services Vocational

-A paper presented at the 23rd Annual Conference of the Military
Testing Association, Washington, D.C., October 28, 1981.
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Aptitude Battery (ASVAB) adaptively to military applicants at nearly
1000 testing sites. Also, our host, ARI, has just released a "request-
for-proposal" for a seven year Army selection and classification system.
CAT would likely be a part of such a system. Outside of DoD, the
Coast Guard is sponsoring field research into CAT, and the commercial
testing industry is investigating the large-scale use of CAT. Although
no commercial tests have actually begun using CAT delivery, the American
Col-lege Testing Program (ACT) and Educational Testing Service (ETS)
are working toward that goal. Carol Dwyer's paper given yesterday
afternoon at this conference mentioned that ETS is currently considering
development of two-level sequential tests for a major admissions
program.

Thus, the time has arrived when we must start considering some
of the "real world" issues which CAT will face as actual decisions
about examinees are made using adaptive testing. One such set of issues
involves the legal and political considerations which could arise as.
CAT becomes an operational reality. This paper will discuss the legal
and political implications of CAT. The authors will pose questions,
not answers--questions that need to be seriously considered as large-
scale CAT approaches implementation.

To date, very little, if anything has been published on leqal and
political considerations of CAT. Warm (1978, p. 122) questioned the
legal defensibility of having examinees take different numbers of items,
or different sets of items. Also, perhaps the examinee who answered

- the higher percentage of items correctly received the lower test score.
Wiskoff (1979) and Waters (1979) called for CAT researcher attention
to such legal issues surrounding CAT.

CAT is a subset of testing in general. And, as I'm sure you all
are well aware, testing has come under extreme pressure in the political
and legal environments during the past decade. Strong political lobbies
(Ralph Nader, 1979) have directed stinging criticism of commercial
testing programs, and testing has become a frequent subject in
litigation.

An annotated bibliography of court cases relevant to employment
decisions (Cascio & Bernadin, 1981) was published by the Air Force
Human Resources Laboratory (AFHRL). This very useful document,

* completed under AFHRL contract by McFann-Gray & Associates, reviews 232
: court cases from January 1971 - January 1980 dealing with adverse

impact, unequal opportunity or pay, and bias in personnel selection,
* classification and evaluation systems. Each annotation provides the
. case reference, case source, court decision, critical cases cited

*" as a basis for the decision, evidence of adverse impact, evidence of
job-relatedness or validity, type of selection procedure, factors
impacting the decision, effects of expert testimony, and implications
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for personnel policy. Not surprisingly, the authors of this paper
found that at least 60 of these cases directly involved testing as
a central issue. Overwhelmingly, the major focus of legal attention
in these 60 cases was test validity, and the clear conclusion to be
drawn was that job-related empirical validity was preferred by the
courts. In fact, a hierarchy of "acceptability" of test validity
methodologies was evident. Only empirical validity was accepted
unless practical constraints made empirical validation studies
unrealistic. When empirical validation was impossible for a given
test application, then content validation based upon careful job/task
analysis was credible. Third in the list of court-accepted validation
methods was construct validity. Finally, face validity was given
virtually no weight in the reviewed cases.

In a computerized adaptive testing mode, the validity issue
portends possible problems in court. In CAT, it is not practical to
validate the "test", only the item pool from which each test is drawn.
This "validation" is completely different from empirical validations
that the courts have previously accepted. Will this kind of predictive
validity be satisfactory in a legal battle? Will the courts accept
content validity when a very large number of items are said to measure
a single trait? Rock & Bejar (1981) suggest that, construct validity
is more defensible in CAT, but the courts have been hesitant to
accept (or likely to understand) construct validation under conventional
testing.

The latter point, that judges and juries may not understand many
of the complicated technicalities involved with CAT, promises to be a
major hurdle to CAT implementation. How do you explain latent trait
theory, esoteric item selection strategies, "occult scoring methods"
(Lord, 1978), and myriad other inexplicable jargon surrounding CAT
to a court? Will a jurist accept the expert witness psychometrician
who testifies that person A's theta is higher than person B's even
though they have taken no items in common; that person B answered a
higher percentage of the items correctly; and that person B had to take
twice as many items as person A to estimate his theta as accurately? Clearly
the CAT community has a major educational and public relations chore
in the court room and thrcugh the media befcre CAT will be accepted as
a valid measurement procecure.
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One example of such a Drooi-., in the political arena occurred with

the ASVAB, where test scores are reported to Congress. A serious calibra-
tion error occurred on ASVAB in 1976, and the psychometrician's credibility
with the Congress suffered. It has been said that Congress feels that
DoD psychometricians are some kind of amateur magicians out to perform
statistical legerdomain. Imagine how they will react to latent trdit
theory?

The credibility of CAT test scores may also be weakened by cali-
bration problems like Douglass (1981) discussed. Parameter estimation

methods and item linking procedures (Dorans, 1981) similarly are statis-
tically complex activities which would be very difficult to explain in

court or in Longress. We need to traisiace the scientific jargon that
has become part of the CAT vocabulary into clear, concise, and compre-
nendible language that will communicate to the layman in testing.

Another related issue is the recent truth-in-testing movement.
After an initial strongly negative reaction by the testing industry
to legislative directives on the release of test items to examinees,
the major commercial test companies seem to have reluctantly accepted
the concept. Computerized adaptive testing offers the prospect of
making truth-in-testing more palatable to test developers. The release
of items from a large pool to an examinee would not likely damage
future administrations due to test compromise since theoretically
every examinee takes an individually tailored test. Under current
test development procedures, the new legislation will likely lead to
expanded requirements for test items, additional validation studies,
and increased test fees for examinees.

Theoretically, CAT and item response theory should reduce
cultural test bias (Pine, et al, 1979). The Cascio and Bernadin (1981)
review cited many court cases in which alleged cultural test bias was
a major issup, and numerous symposia, addresses, and paper sessions
were presented at the APA Convention two months ago on the same subject.
Certainly it would be very beneficial to CAT's credibility in the courts
if clear, unequivocal evidence should evolve which showed reduced cultural
test bias under adaptive testing. At this time, this remains a research
question.

-"This paper has strived to do no more than simply suggest questions
that need to be considered as <CAT'nears operational usage. One thing
we can be absolutely sure of is-that once personnel selection and
classification decisions begin to be made using CAT, there will be
legal challenges to the validity of the measurement process. We need
to anticipate these challenges, to conduct the research to answer the
legal questions, and to understand enough about legal processes and
judgments to "sell" the benefits of CAT to the courts and the public.
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Panel: Skill Qualification Testing - An Evolving System

Chair: Stanley F. Bolin, US Army Research Institute, Alexandria

Robert Eastman, James Sova, US Army Training Support Center, Ft.
Eustis, VA; Joan Harman, John Kessler, Douglas Macpherson, US
Army Research Institute, Alexandria, VA.

Panel member presentations described research efforts directed

toward specific issues in Skill Qualification Testing. Dr. Kessler
documented the value of fast SQT feedback as perceived by troops and
noted that troops tended to be increasingly passive about remedial
training, expecting their units to do such training rather than taking
personal initiative, when feedback was delayed beyond two weeks. Mr.
Macpherson demonstrated that sergeants underestimate written test item
difficulty in a way that could lead to unexpected SQT task failures. Dr.
Harman showed that soldiers more often attributed high failure rates to
unit duty relevance as contrasted with either training or testing factors.
Dr. Eastman demonstrated that SQT scores for helicopter mechanics were
valid against supervisory ratings of performance and that the current
cut score was much too high to reflect this validity. Dr. Eastman also
reported for Mr. Sova on recent study of ten SQTs; overall, this study
showed that (1) SQT drives training in combat arms more often than it
does in noncombat fields and that SQT scores increase with training, (2).
SQT discriminates between good and poor performers without requiring
more reading skill than soldiers possess, (3) SQT results are not correlated
with troop motivation or attitudes toward the Army.

Mr. Ray Carroll of the General Accounting Office made an unprogrammed
report on the GAO's recent evaluation of SQT. GAO recommended that the
present be scrapped for poor return on the very large costs in development
and maintenance of the system. GAO suggests that lower ranking soldiers
be trained and tested by their sergeants using Soldier's Manuals and SQT
test materials as necessary for unit training but without centralized
management and upward reporting of score information. For the sergeants,
GAO suggests written testing for promotion purposes. Mr. Carroll noted
that these views and suggestions are from a draft GAO report which will
go to the Army for formal comment in the near future.

Dr. Bolin concluded from panel discussion that the SQT system will
likely evolve toward two systems using criterion referenced testing
concepts for two different target populations, with training as the
primary goal for the lower grades and promotion as the primary goal for
the higher grades.
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"Supervisor ratings of overall job performance were correlated with the,_T)

scores of MOS 67N, utility helicopter mechanics. A high positive correla-
tion (r - .74) was found for lower skill level (SL 1) soldiers. The cor-
relation was significantly lower for SL 2 (r - .64) and SL 3 (r - .35)
soldiers. The high positive correlation at SL 1 indicates that the SQT
is a valid instrument for discriminating between MOS performers and non-
performers in selected MOS. The valid supervisor ratings obtained were
used as criteria to determine where the optimum cutscore for the SL 1
would fall if it was based on ratings of overall job performance. The
cutscore which optimally discriminated between performers and non-performers,
fell about 15 points lower than the current cutscore of 60. The findings
confirmed that it is feasible to establish SQT cutscores empirically fo7
iOS where valid supervisor ratings are obtained.

t1.

135

*\

: 1356

, •. . . #o - .. °- ., . ~ ,.



The SQT is designed to evaluat' soldier performance at the task level
and supervisor ratings are used during Skill Qualification Test (SQT)
field validation tryouts to identify soldiers who are performers or non-
performers on specific tasks. Test items are then screened and standards
for task test units are established based on how well performers do and
how well the test items discriminate between performers and nonperformers
(TRADOC pamphlet, 351-2, 1980). However, because total SQT scores are used
to make decisions about promotion and reenlistment eligibility, the extent
to which they are related to overall job performance is an important issue. 1
If SQT scores assess the overall job proficiency of soldiers, they should be

positively correlated with supervisors' ratings. A related question is
whether or not supervisors! ratings can and should be used to establish
SQT cutscores. Currently, passing 60 percent of test units is the score
required to "verify" that a soldier meets the minimum standards. At the
task level, one can argue that subject matter experts should be able to
agree what constitutes successful task performance. Nevertheless, the current
policy provides for establishing test unit (task) standards from the actual
performance of soldiers. It would seem much more difficult to set a specific
cutscore on a test covering many tasks to be used to make personnel decisions
about an individual's total job competence, yet that percentage (60 percent)
is arbitrarily set. If supervisor ratings of overall job performance are
correlated with SQT scores it may be feasible and desirable to use supervisor
ratings as criteria for empirically establishing cutscores for specific
SQT (Berk, 1980; Davis, 1980).

The purposes of this research are: to correlate supervisors' ratings of
overall job performance with the SQT scores later obtained by helicopter
mechanics; to determine the cutscore which optimally discriminates between
performers and nonperformers and compare it with the 60 percent cutscore.

METHOD

Analysis Approach

1. Identify soldiers with an MOS scheduled for testing in about
one month.

2. Obtain supervisor ratings of the soldiers in selected units.

3. Determine if the supervisor ratings are reliable.

4. Correlate supervisor ratings with soldiers' SQT scores.

5. Determine if the ratings are valid and if soldiers rated as
performers score significantly higher on the SQT than nonperformers.

6. Determine the cutscores for the SQT which best agree with the ratings
of supervisors in terms of correctly classifying performers vs. nonperformers.

7. Evaluate the impact on the difference between the empirically
determined optimum cutscore and the current 60 percent standard.
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Subjects

Utility helicopter mechanics (MOS 67N) at Fort Benning, Georgia were
selected as the research sample because it was feasible to collect super-
visor rating data on them one month before they were scheduled for testing.
Ratings were obtained on 80 soldiers in the 121st Aviation Company and the
498th Medical Company. Fifty-two were E2-E4, skill level one (SL.1); 17
were E5, skill level two (SL 2); and 11 were E6, skill level three (SL 3).
Ratings were obtained from six second and third level supervisors (E6-03)
in each of the two units.

Date Collection Procedure

1. Rosters listing soldiers scheduled to take the SQT were obtained
before visiting the two units. The rosters were obtained from the Training
Standards Officer at Fort Benning, not from the units.

2. NCO supervisors and one unit commander were individually instructed
about the purposes of the ratings and were asked to rate soldiers on the SQT
roster in terms of overall job performance and soldier skills. They were
explicitly instructed that they were not to base these ratings on any knowl-
edge of the SQT scores these soldiers made last time they took the test.
They were told that the purpose was to test the SQT and that it was critical
for them to be as objective as possible. The instructions were handed to
each rater and any questions they had were answered before they rated the
soldiers. The instructions to the raters and the rating scale are shown in
Appendix A.

3. SQT scores for the soldiers were obtained from the SQT Management
Directorate, Fort Eustis, as soon as the tests were scored and available on
the SQT file. Skill level one (SL 1) soldiers took 67N2180, SL 2 took
67N3180, and SL 3 took 67N4180. Supervisor ratings and all SQT scores
available for individual soldiers were then matched for analysis.

RESULTS

SQT scores were obtained for 66 of the soldiers who were rated by as
many as six but no fewer than three supervisors. Data for 14 soldiers were
not available or they were rated by fewer than three supervisors. The number
of soldiers at each skill level, the average rating and the means and standard
deviations for the SQT Total Score, Skill Component (SC), and Hands-On Component
(HOC) are shown in Table 1. (No scores are reported for the Job Site Component
because all soldier levels scored 100 percent on this component.)

As anticipated, skill level 2 and 3 soldiers were rated significantly higher
than SL 1 soldiers (t (64) - 19.25 p(.Ol). The mean SQT total score for the
41 skill level 1 67N was significantly higher than that of the population
(Z - 2.58; p - .01). To determine if this indicates that the ability of sol-
diers in these two units are above average in general ability, the mean AFQ
(58) for the sample of 41 was compared with that (57) of a random sample of
100 67N. Since no difference in ability was found, the high SQT scores are
probably attributable to the emphasis on individual training in these units.
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Table 1

Means and Standard Deviations of Average Ratings

SQT Total Score (SQT), Skill Component (SC), and Hands-On Component (HOC)

Ratings SQT SC HOC

SL n s s X s I s X s

1 41 3.3 .84 58.0 14.7 50.3 17.3 84.5 17.2

2 16 4.0 .60 64.9 21.1 57.2 25.6 86.7 14.8

3 9 4.1 .61 62.9 7.3 61.8 7.1 -

For analysis purposes, the ratings of each supervisor were converted to
numerical ratings: 5 - best of performers; 4 - performer; 3 - borderline;
2 - nonperformer; and 1 - worst of nonperformers. A mean rating for each
soldier was calculated from the three to six individual ratings.

The interrater correlations, shown in Appendix B, ranged from .23 to .75
and indicate a moderate degree interrater reliability. All of the correla-
tions in one unit (498th) were statistically significant (p <05) and the
correlations in the other unit (121st) were significant where they were based
on an adequate number of pairs of ratings. Although the supervisors rated
soldiers on overall job performance, the reliabilities were probably reduced
because the ratings were based on different samples of behavior (e.g., technical
inspector, floor supervisor, shop supervisor, platoon sergeant, quality
control NCOIC, C.O.). Although reliability was lower, it is preferable to
get higher validity from composite ratings based on a wider range of job
performance observations.

The correlation of the average (mean) of the supervisor's ratings, R,
with soldiers' SQT scores are shown in Table 2. The correlation decreased
from a substantial-correlation for SL 1 to a moderate one for SL 3.
However, the small numbers and the compression in the range of ratings
for SL 2 and SL 3 soldiers suggest caution in the interpretation of these
correlations. It is apparent that the SQT Total Score and SC are more
highly correlated with the average ratings than is the HOC, particularly
for SL 1.

'Skill level 3 had no HOC
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Table 2

Correlations Between Average Ratings CR) and

SQT, SC and HOC Scores

SL n RSQT RSC RHOC

1 41 .74 .73 .25

2 16 .64 .62 .49

3 9 .35 .39 --

For purposes of analysis, performers were defined as soldiers receiving
a mean rating gTeater than 3.00. This definition was based on the rating
scale and established a priori. Figure 1 shows the distribution of the
SQT scores of performers and nonperformers for SL 1 67N. A t-test comparing
the mean scores confirms that the performers scored significantly higher
than the nonperformers (t (39) = 7.52; p <.01).

-
Tr
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The substantial correlations of ratings with SQT scores and the
moderate interrater correlations indicate that the supervisors' ratings

2 No comparable analysis of SL 2/3 soldiers was possible because all
but one were rated as performers.
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are valid and reliable criteria for the 67N test. Consequently, the
supervisors' ratings were used to identify the optimum cutting score on
the SL 1 test. Table 3 shows the frequency and probabilities of correct
classifications and misclassifications for different cutting scores. The
best estimate from the data in Table 3 is that the optimum cutting score
should be set between 45-51 because the probability of making a correct
decision is maximized over this range. The true optimum cutting score for
the population of SL 1 67N would be even lower than the 45-51 estimated
from these data because the mean of the research sample was significantly
higher (five points) than that of the population. For example, if 48
were adopted as the optimum cut score because it is the midpoint of range
45-51, an estimate of the optimum cutscore for the population, 43, can be
obtained by subtracting five points from 48.

Table 3

Frequencies and Probabilities of Correct Decisions and

Misclassification Errors for Different Cutting Scores

Cutting # of Correct p. of Correct # of Mis- p. of Misclassi-
Score(s) Decisions Decisions classifications fications

False False
Negative Positive

60-61 29 .71 12 .29 .00

58-59 29 .71 12 .27 .02

57 28 .68 13 .27 .05

55-56 32 .78 9 .18•  .05

52-54 32 .78 9 .15 .07

51 33 .80 8 .10 .10

50 32 .78 9 .10 .12

48-49 33 .80 8 .05 .15

45-47 33 .80 8 .00 .20

44 32 .78 9 .00 .22
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Table 4 shows the impact that cutscores in the optimum range would have
had on the 67N SL 1 pass rate. It is apparent that a cutscore in the optimum
range would have doubled the pass rate and been more consistent with the

• . perceptions of supervisory personnel.

Table 4

Pass Rate for Different Cutscores

Cutscore Pass Rate

60 34%

51 58%

50 59%

49 60%

48* 63%

47 64%

46 68%

45 • 69%

44 73%

43** 74%

*Optimum cutscore based on sample data
**Estimate of optimum population cutscore

DISCUSSION AND CONCLUSIONS

A substantial correlation, r - .74, was obtained between the SQT scores
of SL 1 helicopter mechanics and supervisors' ratings. Why should this be?
The validation procedures for SQT are conducted at the task level, and a
correlation with overall job performance this high was unanticipated.

The 67N SQT was selected for study because of the timing of the adminis-
tration of the SQT at Fort Benning and because it was one of 10 SQT being
evaluated in a separate effort being conducted by the SQT Management Direc-
torate (Brittain and Sova, 1980). Apparently, this was a fortuitous choice.
In the 10 SQT analysis, the 67N SQT was found to correlate the highest of
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the MOS evaluated with self (r .51) and immediate supervisor's ratings
(r .36). Helicopter mechanics' SQT scores are highly correlated with
ratings because: they work in their MOS; it is a highly technical MOS where

work is carefully inspected; they train less (20 hours) for the SQT than
soldiers in other MOS; they work on a single system; and most of the 67N SQT
consisted of MOS related test units. Therefore, the supervisors' overall
ratings for these soldiers are probably based on both MOS related performance
and general ability. Because the 67N do not train a lot for the SQT, most of
the variance in their written test scores is probably related to their daily
work and general ability. In short, this MOS may be a best case for
obtaining a high positive correlation between ratings and SQT scores.

The selection of second line supervisors as raters was intended to reduce
some of the bias inherent in peer ratings which would be obtained with first
line supervisors. The second line supervisors were also selected to insure
that common soldier skills would be included as part of the ratings, because
training on these tasks is often conducted by the best qualified NCO rather
than first line supervisors. In fact, the second line supervisors for 67N
tended to base their ratings on different aspects of MOS-related performances.
The interrater agreement was only moderate (.23 - .75), although the concurrent
validity of the average ratings was quite high. It appears that a valid
sampling of a range of job-related behavior was obtained by using three to
six second line supervisors. In the aforementioned 10 SQT evaluation, the
correlations of a single supervisor's ratings with 67N scores was much lower
(.40) than was obtained here. However, the ratings of first line supervisors
were generally higher, and more restricted in range, than those of second
line supervisors. It is apparent that with first line supervisors, a scale
is needed which separates soldiers without requiring the supervisor to
designate a soldier as a nonperformer.

The use of 67N and several second line supervisors seems to explain the
high correlation obtained. However, it is reasonable to assume that similar
results would be obtained by applying these procedures to other technical
MOS where soldiers work in their MOS and do not work on a large number of
diverse pieces of equipment. These results indicate that for selected MOS,
the SQT is a valid indicator of overall MOS performance. Although the
ratings were obtained before the soldiers took the SQT (to insure that the
ratings were independent of SQT scores), they can be considered as concurrent
criteria to assess the validity of the SQT. If the ratings show a moderate to
high positive correlation with SQT scores (. .40), then it is valid to use
them as criteria for establishing SQT cutscores. These findings demonstrate,
that it is feasible to obtain the rating data needed to set cutscores using an
empirical method. Further research is needed with combat MOS using more
sophisticated methods that take into account factors such as the proportion of
performers vs. nonperformers in the population and differential weighting of
Type I vs Type II misclassifications (Davis, 1980; Steinheiser, et. al., 1978).

The data reported above suggest that essentially the same procedure used
here can be applied operationally for selected MOS; identifying units
scheduled for testing early in the test window, obtaining valid and reliable
multiple supervisor ratings and empirically establishing a cutscore for
specific SQT. Optimum cutscores established in this manner, whether lower or
higher than the current arbitrary 60 percent mark, should have the effect of
improving the actual and perceived fairness of SQT.
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APPENDIX A

SOLDIER EVALUATION ROCEDURE

The purposes of this evaluation are (1) to identify which of the soldiers
you supervise are competent in terms of their overall job performance and
soldiers skills, and (2) to determine who are the "very best" and the "poorest"
soldiers in terms of overall job performance and their soldier skills. This
evaluation procedure will consist of two steps:

1 . Rate the competence of the soldiers on the roster by placing a "Y"
alongside the soldier's name if you know he (she) is competent in terms of
overall job performance; place an "N" next to the soldier's name if you know
he (she) is not competent in terms of overall job performance; if you are
uncertain whether the individual is competent or incompetent, place a ?"

alongside his (her) name. Draw a line through the name of any soldier you
do not supervise.

2. Go back over the roster and identify with a "+" (plus) the soldiers
you know to be the very best of those you supervise, individuals who would
be real assets in a combat enviroment, the last soldiers you would want to
lose. Identify with a "-" (minus) the soldiers you know are the poorest of
those you supervise, individuals who would probaly not perform well in com-
bat enviroment, the first soldiers you would have replaced if you had the
opportunity.

Please complete this evaluation using any sources of information readily
at hand, but without consulting with other supervisory personnel in your unit.
If you feel that you can improve your evaluations by consulting with other
NCOs your ratings can be changed later.
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APPEN~DIX BI

Interrater Correlations

498th Medical Company,

RATER

2 3 4 5 6

1 .47(35)*** .56(35)*** .48(35)*** .60(33)*** .68(34)***

2 .55(36)*** .42(36)** .58(33)*** .36(35)*

3 •42(36)** •45(33)*** .54(35)***

4 •59(33)*** .56(35)***

5 .73(32)***

121st Aviation Company1

RATER

2 32 4 5 6

1 .75(15)*** .56(29)*** .57(29)** .23(12)

" 2 .75(20)*** .36(20) .31(10)

32 I
4 .42(42)*** .25(21)

5 .32(20)

*p .c.05; **p .c.01; ***p .. 005 (one tailed test)

1 - Entries are correlation coefficient, r, and (n) numbers of soldiers rated.
2 - Only rated six soldiers.
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A contribution to the ongoing development of the SQT system would be
)made by exploring reasons for success and failure in testing. One
source of this information is enlisted soldiers who take the tests.
Accordingly, enlisted soldiers drawn from combat arms, combat support
and combat service support MOSs were presented with questions taken
from 1980 written SQTs. The questions used were those on which sub-
stantial numbers of testees had succeeded or failed. The soldiers
were asked to account for the widespread success or failure by other
members of their MDS. Most attributed both success and failure to
whether tasks being tested were performed as part of unit duties.
The lowest number of attributions concerned personal efforts to prepare

-for written testing. This suggests a need to organize and standardize
written test training and either to eliminate or clearly stipulate
individual soldiers' responsibilities for test preparation.
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Success and Failure in Skill Qualification Testing: Troop Views

Introduction

Since the first Skill Qualification Tests were fielded in 1977,
the system has been undergoing continuing development and revision
to make it responsive to Army needs. This demands increasing efforts
to make the system a valid reflection of soldiers' skills and a clear
indicator to managers and planners of individual readiness. Accord-
ingly, all facets of the Army have been concerned and involved with
Skill Qualification Testing.

In 1980 the Office of the Undersecretary of the Army expressed
a special interest in Skill Qualification Testing, with particular
emphasis on interpreting low test results. At least in part, this
added interest was prompted by media reports about soldiers performing
poorly on these tests. One approach to gathering this kind of infor-
mation is the subject of the research reported in this paper.

Of the three components of SQT -- on-the-job testing, hands-on
testing and written testing -- failures have occurred most commonly
on the written component. In fact, soldiers have a history of high
levels of success on the other two components. Therefore, this paper
deals exclusively with performance on the SQT's written test, called
the Skill Component (SC).

Of sources of information that would account for soldiers' poor
test performance, the most obvious may be test developers, commanders
and trainers. Test developers, however, tend to emphasize problems
in training programs whereas training managers and trainers focus on
problems in the tests. Both of these viewpoints must be carefully
weighed, since it is unlikely that any program for training or testing
has no margin at all for improvement. There is another source of
information about test performance, however, and it is one that may
reflect no bias in behalf of either training or testing. This source
is the enlisted soldiers who take SQTs. Insofar as individual soldiers
are able to identify causes for their own or their unit's failure to
answer questions about critical tasks correctly, they could provide
clues to identifying training and/or testing variables which would
enhance development of the Skill Qualification Testing system. An
additional consideration is that even though the main emphasis here
is on unsuccessful performance, reasons for success in testing could
yield valuable information about reasons for failure.

To explore this hypothesis, enlisted soldiers assigned to Combat
P4 Arms, Combat Support and Combat Service Support MOS who took the 1980

Skill Component were interviewed. They were asked to account for
widespread success on some SQT questions and for widespread failure on
others.
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METHOD

Subjects

Nine y-four enlisted soldiers participated in this research. They
were drawn from two Combat Arms, one Combat Support, and two Combat

Service Support MOS and stationed at Ft. Bragg, Ft. Carson, and Ft.
Hood.

Procedure

Skill Component questions were selected from 1980 SQT Item Analyses
supplied to ARI by the Army Training Support Center. Criteria for
question selection were:

1 - the set of questions for each MOS included both

common soldier and MOS specific tasks,

2 - each question had only one correct answer,

3 - more than 50% of the soldiers tested answered the
questions correctly/incorrectly. (The percent
GO range for successful questions is 70-84 with
a median of 81 and for unsuccessful questions Is,12-48 with a median of 29.)

For each MOS, one successful and five unsuccessful questions were
typed on 5x8 index cards in the same format in which they appeared in
the 1980 SQT. That is, each card displayed one tgsk title and number,
one general situation, one question and its accompanying answer choices.
Appropriate cards were presented one at a time to participants. Each
soldier was asked to account for the wide ranging success or failure of
soldiers in the MOS on that question. After the soldier's response was
recorded, the answer selected was either confirmed as correct or was
corrected. This procedure was repeated in the same way for all six
questions for each MOS.

RESULTS

Table 1 shows percent of soldier's responses, ranked from highest
to lowest frequencies, in four general categories: performance attrib-
uted to events or practices occurring in units, performance attributed
to training, performance attributed to test content, and performance

*attributed to soldiers' personal characteristics. It's important to
note that subcategories under each main heading are not intended to be

FA mutually exclusive. For example, under the category Lthn Factors, it
seems reasonable to assume that a task with which a soldier has had no
experience is one that is not job related. Also, a Specialty Task, one
that is performed by only a limited number of MOS members, would also be
unrelated to the jobs of other members. Although somewhat interrelated,
these subcategories were established because every effort was made to
reflect the actual responses soldiers made and to avoid interpreting *

them. These data are summarized by MOS type in Table 2.
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TABLE I

PERCENT RESPONSES BY94 ENLISTED SOLDIERS ACCOUNTING FOR
SUCCESS AND FAILURE ON SKILL COMPONENT QUESTIONS

LESS THAN 50Z OF PPULATION ANSWERED QUESTIONS CORRECTLY
470 TOTAL RESPONSES)

113 135 12C 71L 761

UNIT FACTORS
PROCEDURE DIFFERENCES 10 8 19 <1 10
NO JOB RELEVANCE 1 8 6 24 10
NO EXPERIENCE 2 5 14 9
SPECIALTY TASK 4 8 10 11 5
LOW PRIORITY TASK 1 1 5
WORK OUT OF MOS 15

TOTAL 34

TRAINING FACTORS
NO TRAINING 14 9 14 7 35
NONE SINCE BASIC 1 3
NONE SINCE AIT 1 3
NONE SINCE SQT 4 1 10
INFREQUENT 9 2
INCOMPLETE 5 .1 1 5

TOTAL 19

TEST FACTORS
CONFUSING ITUATION/

QUESTION/ANSWER a 11 1 9
POOR QUESTION 2 3
ANSWER WRONG 6 7 1
EQUIPMENT OBSOLETE 4 1

TOTAL"" " 15

SOLDIER FACTORI
I UNLEARNED/FORGOTTEN

DETAILS 8 1 1 9 5
INCOMPLETE KNOWLEDGE 3 Z1
NO STUDY 2 5 1
MISUNDERSTAND I NG/ 5
MISREADING 2 6

CALCULATION PROBLEMS 9 1 14
TOTAL

MORE THAN 50% OF POPULATION ANSWERED QUESTION CORRECTLY
(94 TOTAL RESPONSES)

UNIT FACTORS
PERFORMED FREQUENTLY 15 26 57 25
FUNDAMENTAL MOS TASK 20 26

TOTAL 41

TRAINING FACTORS
TRAINED FREQUENTLY 45 17 50 4

TOTAL 24

"-'iTEST FACTORS ,

ANSWER EASY/OBVIOUS 9 14 14 50
TOTAL 11

SOLDIER FACTORS
TEST SOPHISTICATION 5 9 7 9

TOTAL 7
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Table 2

Percent Responses by 94 Enlisted Soldiers Accounting for

Success and Failure on Skill Component Questions

FAILURE SUCCESS

Combat: Combat
Combat Combat Service X Combat Combat Service X
Arms Support Support Arms Support Support
(275 reap) (70 reap) (125 reap) (55 reap) (14 reap) (25 reap)

Unit Factors 25 51 44 40 44 0 52 48

Training Factors 20 20 17 19 27 50 4 27

Test Factors 20 7 9 12 5 7 20 10

Soldier Factors 15 7 15 12 1 7 8 7

The prominent feature of both tables is that the same rankings occur
for both successful and unsuccessful performance. Another feature is that
enlisted soldiers' attributions diverged from the tendencies of trainers
and test developers to point to test and training factors and, instead,
emphasized the importance of performing tasks as part of unit duties in
order to be prepared to answer questions about them on the SC. The
popularity of this response is demonstrated in Table 2. For both kinds
of questions, the sums of the mean values of the remaining categories
approximate the single values for Unit Factors. A description of Table 1
subcategories follows in order to reflect in greater detail what soldiers
may be thinking.

Under the category Unit Factors dealing with unsuccessful perform-
ance, the first subcategory, Procedure Differences, encompasses responses
indicating that unit procedures don't always match procedures detailed
in Soldier's Manuals on which test questions are based. For example,

Bridge Crewmen (12C) were asked about the first thing they would do to
construct an individual defensive position in an area designated by
their squad leader. The Soldier's Manual answer is 'put in sector-of-
fire stakes." Most crewmen, however, chose the answer "dig a hasty

hole" and insisted that they would follow this procedure regardless of
the Soldier's Manual directives. The subcategory No Job Relevance means
that soldiers claimed testees chose the wrong answer because the task
being tested is not performed as part of unit duties. This was especially
true of Administrative Clerks (71L) whose duties tend to reflect the
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Under the category Unit Factors dealing with unsucCtssfUl perform-

ance, the first subcategory, Procedure Differences, encompasses responses

indicating that unit procedures don't always match procedures detailed

in Soldier's Manuals on which test questions are based. For example,

Bridge Crewmen (12C) were asked about the first thing they would do to

construct an individual defensive position in an area designated b

their squad leader. The Soldier's Manual answer is "put in sector-
of-fire stakes." Most crewmen, however, chose the answcr "dig a hasty

hole" and insisted that they would follow tnis procedure regardless of

the Soldier's Manual directives. The subcategoiy NL Job RelevancL

means that soldiers claimed testees chose the wron answer because the

task being tested is not performed as part of !niL duties. This was
especially true of Administrative Clerks (71L) whose duties tend to

reflect the needs of the administrative office to which they are

assigned, and who have few or no opportunities to type, for example,

non-military letters. No Experience covers responses that indicated

soldiers never performed the task. Specialty Task means that task
performance is restricted to designated unit members. For example,
Administrative Clerks claimed that such a task is Typing Military

Orders and Bridge Crewmen pointed to Classifying Vehicles for bridge

crossings. Low Priority Tasks tend to be Common Soldier tasks such

as first aid and map reading. Soldiers indicated that MOS tasks receive

much greater unit emphasis than do Common Soldier tasks. Work Out of

MOS is a relatively slender category. It is included, however, because

it is a fact of Army life that presents special training and testing

difficulties. Very few Subsistence Supply Specialists (76X) in Con-
tinental United States perform MOS tasks on a daily basis. Also, even

though few Bridge Crewmen attributed SC failure to this problem,

an informal intLrchange with the group prior to interviewing included

the fact that substantial numbers of them work out of their MOS.

The subcategories under Training Factors are self explanatory.

Under Test Factors, the first two subcategories, Confusion

about test materials and the opinion that test materials are Poor could

be related. The difference between a confusing question and a poorly

constructed question may be marginal. Nontheless, efforts to avoid

subjective interpretation establishes these are separate categories.

The Answer Wrong subcategory covers flat statements that the answer

soldiers were informed was the correct one is, in fact, the wrong

answer to the question. In some cases, soldiers declared that all

response choices were wrong. Equipment Obsolete refers to responses

in which it was claimed that SC questions dealt with outdated equipment.

For example, Antiarmor Crewmen (11H) questioned about engaging targets

with an M72A2 LAW reported that they don't use the LAW because it has

been supplanted by the TOW.

Under Soldier Factors, the subcategory Unlearned/Forgotten Details

most often included details involving numbers; for example, the ratio

of chest compressions to lung inflations in cardiopulmonary resuscitation.
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Attributions about successful SC performance are virtually a mirror
image of those dealing with SC failure. This observation is supported
by the fact that anlaysis of differences between mean values of both
sets of questions (see Table 2) using the Randomization Test for Matched
Pairs shows no significance (p .05). The only subcategory that may
not be self explanatory is Test Sophistication under Soldier Factors.
It covers responses indicated that soldiers are testwise. For example,
those who reported, that they didn't know or weren't sure of the correct
answer but were able to eliminate clearly incorrect choices or picked up
clues to the correct answer in the General Situation or in the test
question.

A final significant feature of the Tables is that in no case do
percentages sum to 100. Missing values can all be categorized as "I
don't know" responses.

DISCUSSION

The opinions of enlisted soldiers asked to account for widespread
failure of individuals in their MOS on SC questions stress the influence
of unit activities on test results as opposed to training, test or
personal characteristics. This can be interprete4 to mean that soldiers
don't expect to be prepared to answer test questions on critical tasks
that are not part of unit duties. That is, they appear to discount the
influence of training on SC success and they show little acceptance of
personal responsibility for test preparation. This seems to indicate a
need for clearer communication about expectations surrounding SC prep-
aration.

One area of misunderstanding may be related to the .ij the other
two components, the Job Site and Hands-on, are handled. .ob Site tasks
are tested on-the-job and Hands-on tasks are tested at special test
sites at which both training and testing take place. Preparation for
these two components tends to be well organized end standardized from
unitto unit and requires little initiative on the part of individual
soldiers. The same passive approach soldiers are able to take to Hands-
on and Job Site preparation seems to carry over to Skill Component
preparation. SC performance might be improved if units would either
organize and standardize written test preparation in the same way as the
other two components are managed, or insure that individual soldiers'
responsibilities are clearly understood.

'I

CONCLUSIONS

6 Techniques for preparation for(SC)testing need to be re-examined.
Guidelines for Hands-on and Job Site preparation follow naturally from
explicit directions for testing and scoring set forth in SQT Notices.
This is much less the case for written testing.

r
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Written test preparation could be organized and standardized in the

same way as are the other two components. One way to do this would be
to administer written tests on SC tasks prior to official testing. If,
however, soldiers are to assume individual responsibility for written
test preparation, this requirement needs to be communicated clearly and
training in individual study methods may have to be adopted.
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AD P00140 2
Skill Qualification Test Feedback:

Timeliness Matters

John J. Kessler
US Army Research Institute for the Behavioral and Social Sciences

A field experiment was conducted in which the time period was
varied between completion of the Skill Qualification Test and feed-
back of results. Data are presented which show the marked decline
in soldiers' perceived utility of the feedback over time. In addition
soldiers indicate a greater tendency to put off utilization of the
feedback the longer the feedback is delayed.

f
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Background and Purpose.

Between 15 July and 30 November 1980, the Army Training Board
(ATB) locally scored the Skill Qualification Tests (SQT) taken by
soldiers at Ft Bragg, NC. Normally, these tests.would have been shipped
to the central scoring facility at Ft Eustis, VA, and the results shipped
back to Ft Bragg. The Local Scoring Evaluation (LSE) project was carried
out to determine whether the advantages of local scoring are worth the
additional costs and efforts such a system requires. This paper des-
cribes a portion of the research conducted by the Army Research Institute
(ARI) in support of the LSE project.

A major objective of ARI's technical advisory service (TAS) to the
Army Training Board during the Local Scoring Evaluation was to determine
whether the speed of feedback of SQT results had any immediate effects
on individual soldiers. The existing centralized scoring system had a
goal of thirty days' turnaround time for SQT results. Although this
seemed inordinately long, no evidence existed to indicate whether any
particular number of days should be preferred. Given that immediate
feedback was not possible, the question became whether there was any
practical turnaround time that might make a difference to soldiers.

To answer this question, a field experiment was set up in conjunc-
tion with the LSE project. The basic idea was to vary the length of
time between completion of the SQT and feedback of results, and to ob-
tain the soldiers' reactions to the variation.

Design Plan

The design plan divided the 82d Airborne Division into three approxi-
mately similar groups and assigned each to one of three treatment conditions
The treatment variable was speed of SQT results feedback. Its three levels
were Fast, Medium, and Slow. "Fast" meant that a soldier in the group re-
ceived the results of his SQT within 1 to 15 days; "Medium" 16 to 30 days;
"Slow" 31 to 45 days. The Slow condition was believed to simulate the
current central system's normal operation.

Composition of the groups by unit was the following:

FAST MEDIUM

2d Bn (ABN), 508th IN 2d Bn (ABN), 504th IN
3d Bn (ABN), 325th IN 2d Bn (ABN), 325th IN
2d Bn (ABN), 505th IN 1st Bn (ABN), 505th IN
ist Bn (ABN), 319th FA 1st Bn (ABN), 320th FA
782 Maint Bn 407th S&S Bn
82d Finance Co 82d AG Co
1st Squadron, 17th Cay 82d Aviation Bn
82d Signal Bn 4th Bn, 68th Armor
82d 1 Co
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SLOW

Ist Bn (ABN), 504th IN
Ist Bn (ABN), 325th IN
Ist Bn (ABN), 508th IN
2d Bn (ABN), 321st FA
307th Med Bn
21st Chem
3d Bn (ABN), 4th AD Arty
313th MI Bn (CEWI)
307th Eng Bn

The formation of the groups was made with the following rules in
mind: (a) Each group should be about the same size, (b) The MOS in-
volved should be locally scored, (c) The MOS distribution across groups
should be balanced, (d) For a brigade composed of three battalions, one
battalion should be assigned to each group. The goal of the design plan
was to define three comparable groups from which samples could be obtained
and analyzed. In a later section the samples will be described.

Instruments

The form of the SQT results feedback was a computer printout called
the Individual Soldier Report (ISR) which gave the soldier's SQT score,
a detailed list of failed tasks, failed items within tasks, and references
to paragraphs in Soldier's Manual. The ISRs were generated by ATB's
local scoring facility at Ft Bragg.

The instrument used to obtain soldiers' reactions to the feedback of
their SQT results was the TRRISQT Feedback Evaluation Record. Questions
on the Evaluation Record were aimed at determining the utility of the
ISR, SQT score, certain SQT preparation variables, and some indications
of what these SQT results meant to the soldier. Try-out of this instrument
during its developmental phase showed that nearly all soldiers could com-
plete it in less than twenty minutes.

Procedures

The procedures followed in this research were the following:

1. An ARI researcher personally delivered or observed the
delivery of an ISR to a soldier.

2. The soldier was given sufficient time to examine his ISR
and digest its contents.

3. An ARI researcher administered the ISR/SQT Feedback
Evaluation Record to the soldier.

This data collection was accomplished under real-time operational condition
and was dependent on each unit's SQT scheduling choices. Thus it was
sometimes necessary because of manpower and time constraints to decide
which units to sample. High density MOS were preferred over low density
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MOS, large units over small ones, and combat MOS over non-combat MOS.
,9 Adherence to these priorities resulted in a fairly large total sample

with sufficient numbers of spldiers at the treatment levels to permitf
statistical analysis.

Sample Description

During the duration of the LSE at Ft Bragg 3166 SQTs were scored
and their corresponding ISRs produced. A total of 576 soldiers completed
the ISR/SQT Feedback Evaluation Record and 558 of these were usable in

this analysis. As might be expected from the procedural priorities, the
combat MOS* provided more than their share of the sample. In the analyzed
sample 513 of 558 or 91.9% were combat MOS, whereas 2232 of the 3166
SQTs scored or 70.5% were in combat MOS.

At this point a variety of reasons compelled the reduction of the
sample to be analyzed to just the combat MOS. Table 1 shows one of the
realities of coordinating a real-time experiment under operational
conditions: No non-combat MOS soldiers were obtained under the "Slow"
feedback condition.

Table 1. Number of soldiers at each treatment level

Fast Medium Slow N
(1-15 days) (16-30 days) (31-45 days)

Combat MOS 255 i1 147 513

Non-combat MOS 28 17 0 45

Total 283 128 147 558

Tables 2 and 3 show the percentage distributions of the combat and non-
combat MOS on two background variables which might interact with reactions
to SQT results feedback, time in service and time left to serve. The
dissimilarities between combat and non-combat MOS soldiers appear to
further justify removing the few non-combat MOS soldiers from the analysis.

Table 2. Time in service (months) percentage distribution

12 or less 13-24 25-36 37-48 More than 48

Combat MOS (N-513) 4.1 50.5 19.1 13.3 13.1

Non-combat MOS (N=45) 0.0 46.7 26.7 0.0 26.7

--- -------------------------------------------------- -

*Combat MOS were CMF 11, 12, 13, 17 or 19; non-combat MOS were any others.
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Table 3. Time left to serve (months) percentage distribution

12 or less 13-24 25-36 37-48 More than 48

Combat MOS (N-513) 25.7 39.8 28.5 3.7 2.3

Non-combat MOS (N-45) 28.9 57.8 8.9 0.0 4.4

Thus a fairly large (N-513) and fairly homogeneous (all combat MOS)
sample was constructed for determining whether increasing the speed
of feedback of SQT results makes any difference to soldiers.

Results

Of primary concern to ATB was whether increasing the speed of SQT
results feedback mattered or had any effect on soldiers.

A question on the ISR/SQT Feedback Evaluation Record addressed this
directly, i.e., "How useful to you is this ISR to the improvement of
your military skills?" Responses were obtained on a five point scale:
5-very useful, 4-useful, 3-slightly useful, 2-not very useful, and 1-in
no way useful. The means of the combat MOS soldiers for the three
treatment levels are shown in Table 4.

Table 4. Ratings of ISR usefulness by soldiers with combat MOS

Speed of SQT Feedback Mean S.D. N

Fast (1 to 15 days) 4.27 .89 253

Medium (16 to 30 days) 3.25 1.49 111 F-60.24

Slow (31 to 45 days) 2.62 1.34 146 p(.O01
3.57 1.38 510

Table 4 indicates quite clearly that soldiers had a more favorable view
of the feedback of SQT results the earlier it came. Another variable
which might have affected a soldier's immediate reactions to feedback
was whether it was positive or negative, did he pass or fail. Tables 5
and 6 which separate passers and failers show the same pattern as before
with a slight decrease in overall mean usefulness rating by the failers.

Table 5. Mean ratings of ISR usefulness by soldiers with
combat MOS who passed SQT (SQT score of 60 or more)

Speed of SQT Feedback Mean S.D. N

Fast (0-15 days) 4.28 0.87 240

Medium (16-30 days) 3.22 1.50 92 F-91.87

Slow (31 to 45 days) 2.62 1.36 134 p (.001
3.59 1.38 466
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Table 6. Mean ratings of ISR usefulness by soldiers with combat

MOS who failed SQT (SQT score of less than 60)

Speed of SQT Feedback Mean S.D. N

Fast (1-15 days) 4.15 1.17 13

Medium (16-30 days) 3.42 1.39 19 F=4.22

Slow (31-45 days) 2.67 1.03 12 p 4.05
3.43 1.36 44

The gradient of feedback utility shown in these results is useful
to people who must design the data processing and distribution system.
For people concerned with training, however, there is the question of
what action will take place as a consequence of providing timely and
useful feedback. Some questions were asked on the Evaluation Record
in order to obtain a notion of what the soldiers would do. Results of
two questions are shown on Table 7. One question asks the soldier when
he expects to study on his own the items he missed; the other asks when
he believes his unit should provide training on what was missed. The
a priori best answer, i.e., a five on a five point scale, is "in the
next few days." The expectation might be that failers would have lower
means than passers for both questions, and they did. What is interesting,
however, is that both groups look to their unit to move more quickly on
taking remedial action than they intend themselves.

Table 7. Mean response of combat MOS soldiers.
(5=in the next few days, 4=next month, 3=ln the next six months

2=just before the next SQT, and lfdon't know)

Question Passers Failers
Mean N Mean N

When do you expect to do some 2.8 466 2.5 45
training/studying, on your own
on the task items you missed?

When do you believe your unit 3.1 466 2.8 45
should provide some training
on the tasks most soldiers
failed?

These questions were also analyzed in terms of the speed of feedback
variable. Shown in Table 8 are the percentages of soldiers responding
"Don't Know" to the two questions. There are two important points to be
made in regard to these results. One is that these are rather substantial
percentages. Perhaps this is a true picture as far as the soldier's own
need or opportunity to self-train. The other point is that the
percentage of Don't Knows increases as the time since SQT increases. It
could be suggested here that the longer the delay between testing and
feedback of results, the more depressed is the motivation to review or
take any remedial actions.
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Table 8. Percentages of soldiers with combat MOS responding "Don't Know"

Speed of Feedback

Question 1-15 days 16-30 days 31-45 days

When do you expect to do 25.9% 27.0% 32.0%
some training/studying,
on your own, on the task
items you missed?

When do you believe your 14.1% 18.0% 18.4%
unit should provide some
training on the tasks most
soldiers failed?

N=255 N-il N=147

Discussion

In learning psychology, feedback is viewed as a secondary reinforcer
and as such has its greatest effect when it is immediate. With soldiers
and their SQT performance it is currently not possible to provide immediate

feedback. It is, however, possible to significantly increase the speed
of feedback from a matter of several weeks to a few days. In this research
it was found that even though the speed of feedback falls far short of
being immediate, speed still matters. The perceived utility of the feed-
back (the ISR) is a function of time, remaining high during the 1-15 day
period and then dropping steadily to a point where its mean rating is
less than "slightly useful" somewhere between 31 and 45 days after SQT
completion. This pattern was the same for both failers, where the feed-
back had a negative message, and passers where the feedback was relatively
positive.

A high value placed on the utility of feedback does not, of course,
mean that the information supplied is taken to heart and remedial studying
or training is pursued forthwith. Results of this research indicate,
however, that soldiers who received their ISRs more quickly intend to
do some studying or training sooner than those whose ISRs were less
timely. Speed of feedback was also associated with the desire to have
sooner unit training on items missed on the SQT. It might be hypothesized
that the speed with which SQT results were fed back to soldiers had a
pacing effect, i.e., rapid feedback suggested that rapid corrective
action was expected whereas slow feedback suggested there was no urgency
about correcting mistakes.

The increase over time of "Don't Know" responses to the questions
of when studying or training will or should be done could have several
causes. What seems most likely is that interest or motivation had
waned with the passage of time. SQT was a hot topic for a week or two
and then became another event to be forgotten. It could also be that
for many soldiers there became objectively less reason to be concerned
about their ability to perform the SQT tasks. Whatever the reason, it
appeared that the longer the feedback of results was delayed, the less
likely soldiers would be to constructively use information contained
in the feedback.
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Conclusion

SQT feedback in the form of the ISR has a rather short shelf life,
perhaps two weeks. The data presented show a noticeable decline of
the perceived utility of the ISR over time. There are also indications
that the longer the delay in getting the feedback to the soldier, the
weaker is his intention to act on it. The results further show that
the soldier expects more initiative from his unit than from himself
when it comes to training on SQT tasks which were failed.

I
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AD P001403

Predicting Skill Qualification Test
Item Difficulty from Judgments

Douglas Macpherson
Research Psychologist

US Army Research Institute
for the Behavioral and Social Sciences

Judgments of item difficulty by small groups of three to six non-
commissioned officers were compared with observed item difficulties
among soldiers in three military occupational specialties representing
infantry, engineer and administrative career fields. Linear correla-
tions between average judgments and observed difficulties were on the
order of .50, but the scatter plots were triangular in appearance
because objectively easy items were rarely judged to be difficult
while objectively difficult items yielded a wide range of judged
difficulties. Hence sets of items showing wide and fairly flat dis-
tributions of difficulty had been judged to be skewed toward the easy
end of the difficulty distribution. These analytic observations suggest

" that NCOs involved in test construction may be making tests more dif-
ficult than they believe and that NCOs as trainers preparing soldiers

. for their SQTs may be underestimating the need for training. If the
triangular relationship between judged and observed difficulty is
confirmed in larger samples of items, then a simple expectancy table
method might be used to predict objective test difficulty and training

- need.
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Predicting Skill Qualification Test
Item Difficulty from Judgments

INTRODUCTION

Teams of experienced soldiers, oriented in criterion referenced
test development workshops and assisted by civil ia,- test psychologists,
produce Skill Qualification Tests (SQT). The procedures and policy
guidelines were recently reviewed by a well known authority on criterion
referenced testing (Hambleton, 1981). His a~sessment was that the
prescribed procedures were excellent. His only reservations concerned

the lack of reliability information and the obvious possibility of
failure in execution. However, Hambleton apparently accepted that
standards can be set by testing proficient and non-proficient personnel

on each task and then selecting cut points which discriminate between
them without considering the total scores.

"This study examined one possible form of test development bias. We
wanted to determine if supervisors exhibited "item leniency," and
judged the items to be easier for enlisted personnel than the items were
found to be. Thus we asked supervisors of a combat MOS (1111, TOE
Gunner), an engineering MOS (12C, Bridge Construction Crewman), and an
administrative MOS (71L, Clerk) to estimate what percentage of their

troops would pass each item of the Skill Component (SC) portion of the

appropriate SQT.

METHOD

Subjects: The subjects were lOE5 - E7 NCO supervisors and 2 E4 Acting

Supervisors for MOS llH, 12C, and 71L at Forts Bragg, Carson and Hood.
They were distributed as follows: (a) six llH, (b) three 12C, and (c)
three 71L. All supervisors held the appropriate MOS or a closely re-
lated MOS as their primary or secondary MOS. In addition they had held
the MOS for an average of 4 years (range 10 months - 15 years) and had
supervised for an average of 4 1/2 years (range 8 months -18 years).

Procedures: Supervisors at the three posts reviewed the SC which had

been administered to their subordinates within the last year. They were
instructed to judge what percentage of their soldiers could get each
item correct and to write the estimate in the SQT. Because of the
length of the tests each supervisor was asked to rate a specified set of
subtests which usually comprised about one half of the test. Some
supervisors, however, completed all the items. The rating task required
about a half hour to complete.

Criterion data: Item analyses for each SQT wE- provided by SQT Manage-
ment Directorate of TRADOC. These analyses pr.,:ded the total number in
of testees in each sample and the percentage of testees selecting each
alternative for each item.
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RESULTS

We determined the reliability of the criterion data for one SQT for
which we had two samples. The results for each SQT were examined for

rating reliability and rating validity. The rating reliability for each
SQT is presented in terms of the total number of raters used. The
reliabilities are then recalculated to the common metric of the correla-
tion to be expected between a pair of raters by using the Spearman Brown
Prophesy formula. Similarly rating validities are presented as the

correlation of the mean rater estimates with the criterion, and then
corrected for the attenuation due to predictor unreliability. As a
result of these adjustments, reliabilities and validities may be compared
across the three SQT. Finally, the validity results for the three SQT
were combined. The analyses are presented in the form of two way tables.

Criterion Reliability. The 11H SQT results were obtained as two samples
of 789 and 922 soldiers respectively. These samples consisted of all
11H2180 scores which had been transcribed by SMD before 21 Dec 80 and
between 21 Dec and 22 Mar 81. The product moment correlation for the
proportions of soldiers in the two groups who passed the items was .99.
Table 1 displays the high correlation obtained and demonstrates that the
test contained a relatively uniform spread of difficulty levels. Table 1
also indicated that there was little evidence for change in scores over

the course of the two administrations. This was supported by the
regression equation: Second Sample = .05 + .924 First Sample. The mean
and sigma for the two samples combined were 61 and 20 respectively.
Multiple samples were not available for the other SQT therefore cri-
terion reliability analyses were not possible for those SQT.

Table 1. Reliability of Item Analysis Difficulty

Levels for 61 Item Test 1112180 SC

First Sample

Z 10 20 30 40 50 60 70 80 90

19 29 39 49 59 69 79 89 100 n Z

90-99 1 4 5 8

80-89 1 9 10 16

- 70-79 2 6 2 10 16

" 60-69 1 3 3 7 11

50-59 1 8 9 15

" 40-49 5 4 1 10 16

30-39 2 4 1 7 11

20-29 2 1 3 5

10-19 0 0

n 2 3 9 6 10 5 10 12 4 61

- 3 5 15 10 16 8 16 20 7 100
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11H2180 Reliability and Validity. Six supervisors of I1H troops rated

all subtests. These raters were divided into two groups and the mean

difficulty ratings for the two groups were compared. The split half

correlation was .78 (expected pairwise correlations of .54). Table 2

confirms that the two groups generated comparable estimates.

Table 2. Split Half Reliability of Estimated

Item Difficulty Levels for SQT IIH2180 (6 raters)

Group A (3 raters)

z n
Correct 20-39 40-59 60-79 80-99 Z

80-99 3 3 19 25
_ _- _42

60-70 1 2 5 6 14
~23

40-59 1 6 7

P. 12

0
o 20-39 6 8 14

23

n 7 14 14 25 60

% 12 23 Z3 42 100

The validity correlation for the mean item difficulty estimates was

.49. When corrected for predictor attenuation the r became .55. Although

the standard deviations were about equal, 23% vs 21%, the mean estimated

percent correct was 68% vs 61% for the actual test. Thus the NCOs

tended to agree with each other but vary from the criterion and under-

estimate the difficulty of the test items. Furthermore, the underestimates

were not uniform. The supervisors correctly estimated the difficulty of

the easy items, but not the difficult items. As a result the upper left

quadrant was empty, whereas the lower right quadrant contained 1/5 of

the observations and about the same density as the validity diagonal.

Since the quadrant boundaries represent approximately a 1.5 SD differ-

ence from valid predictions, the significance of the effect is apparent.

These effects appear in Table 3.

1
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Table 3. Validfty of Item Difficulty Estimates

for Test 11H2180

Estimated % Correct (6 raters)

nn

% 20-39 40-59 60-79 80-100 %

80-100 5 12 17
28

60-79 1 6 6 13
22

0
40-59 7 5 2 4 18

30

, 20-39 3 1 6 2 12

0 
20

170 "7 19 24 6040 100

217 j12 32 40 100

12C2180 Reliability and Validity. Three NCOs for 12C soldiers rated all

subtests. The consistency of these ratings was determined to be .40

with Cronbach's Alpha; the pairwise correlation was estimated to be .31. The

correlation across 121 items of these NCOs with the observed performance

of soldiers on SQT 12C2180 SC was .50 (.79 corrected for predictor

attenuation). The SDs for the NCO and Criterion data were both 20%,
whereas the means were 69% and 64% for the raters and the criterion

respectively. The dispersion of the ratings is displayed in Table 4.

The row marginal totals indicated that the test item difficulties were

uniformly distributed.

Table 4. ValLdity Of Item Difficulty Estimates
for Test 12C2180 (SC)

Estimated % Correct (3 raters)

2 20-39 40-59 60. 9 80-100 n

80-100 1 3 9 is 31
26

60-79 2 7 10 13 32

626

40-59 2 11 9 13 35
29

20-39 5 8 7 1 21

a 17
0

0-19 2 2
2

n 12 29 35 45 121
2 10 24 29 37 100
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In contrast, the column marginal totals indicated that the raters

tended to generate a negatively skewed distribution. Again there tended
to be many fewer responses in the upper left than in the lower right
quadrant.

71L2180 Reliability and Validity. The 71L2180 Skill Component intro-

duced additional complexities. It utilized multiple correct responses
to some items. Since the multiple correct answer format is no longer
used in SQT construction we excluded these items from the analyses.

Only three raters were available for this SQT. Rater #3 completed
the entire questionnaire whereas two other raters completed the first

and second halves of the SQT respectively.

The reliability of the three raters was estimated by correlating
the estimates of rater #3 with the combination of the other raters
separately. The reliability correlation was found to be .43. We
regarded this as a pairwise correlation and did not reduce it further.

The validity was estimated by correlating the means of the appro-
priate pairs of ratings with the criterion scores. The mean and SD for
the difficulty estimates were 65% and 21% respectively. However, the
test was actually more difficult than the others examined. Thus the
criterion mean was 50%. However the criterion variance was a typical
19%.

The validity correlation for the three raters was a low .28.
Adjusting this correlation for rater unreliability increased the valid-
ity correlation to .40.

The distribution of the items is presented in Table 5. Table 5
displays the usual pattern of underestimating the item difficulties.
The raters tended to rate the easy items as easy. However, they failed
to demonstrate such consistency in their ratings of the difficult items.
Instead they tended to use all rating values in evaluating the difficult

items. Again, if they identified an item as difficult it was difficult.

Table 5. Validity of Item Difficulty Estimates For
Test 71L2180 (SC) Single Correct Response Items

Estimated Z Correct (mean of 2 raters)

Z 0-19 20-39 40-59 60-79 80-100 n

80-100 1 2 3
4

61 60-79 1 1 2 4 9 17

____ ___ __ ____ 25

40-59 5 6 13 7 31
46

20-39 2 3 4 3 12
... 17

0-19 1 2 1 1 5

n 1 9 13 23 22 68
% 1 13 19 34 32 100
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Item Difficulty Estimates Summarized. The results for the three SQT are
summarized at the item level in Table 6. The mean and standard devia-
tion for the observed difficulty across the three SQT were 58% and 22%
respectively. Similarly, the. mean and SD for the difficulty estimates
were 68% and 21% respectively. Table 6 is in expectancy table format.
The number in each cell is the percent of items in the table that are in
the cell.

Table 6. Validity o Item Difficulty Etimates for
Test 71.2180 (SC) Multiple Correct Reeponse Items

Satigated Z Correct

Z 0-19 20-39 40-59 60-79 80-100 n
2

30-100 * 6 13 20

60-79 * 1 4 8 11 25

40-59 6 9 10 10 34

20-39 4 5 7 2 18

o 0-19 1 1 * 2

Z * 12 20 31 37 100

* Only one raomse

The marginal totals demonstrated that the item difficulties were
relatively uniformly distributed through the range 20% - 100%. However,
the negative skew of the estimates is clearly seen. Thus, the pattern
of errors was non-random and non-linear. As expected, Table 6 exhibits
a nearly triangular matrix. The upper left quadrant contains only two
percent of the sample whereas the lower right quadrant contains 19% of
the sample and the cell densities resemble the cell densities on the
main diagonal. Across the three MOS, easy items were rated as easy
whereas the difficult items received almost any rating. However, if a
supervisor rated an item as difficult then the item was difficult
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DISCUSSION

This preliminary research demonstrated that NCOs can predict the
item by item test performance of their troops to a moderate degree.
However, they do tend to underestimate the difficulty of more than 40%
of the items. If our conjecture that the test developers would respond
like NCOs is correct, then this study does suggest that one reason for
low SQT scores is that the tests are harder than intended from a norma-
tive point of view. Furthermore this is not detected during SQT pre-
testing for good reasons. The SOP describes a procedure in which each
subtest is tested independently of the other subtests using personnel

who are expert and non-expert on that subtest. As a result no estimates
*£ of test total scores are available prior to field use of the test.

There is a second way in which NCO underestimation of item difficulty
can yield low SQT scores. The NCOs who performed the ratings were
responsible for training troops to take the test. They were provided
with the topics to be covered in the test and sample items for each
topic. They may have trained their troops to the apparent difficulty
level of the test. As a result they may tend to provide insufficient

. training for the SC portion of the test.

The combination of the two effects - tests more difficult than
intended, and inadequate training for the test - could account for the
disappointing scores observed on many SQT.
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Readability of Materials

Duncan, R. Eric, iLT, USAF Occupational Measurement Center, Randolph
Air Force Base, Texas (Chair); J. Peter Kincaid and Richard Braby,
Training Analysis and Evaluation Group, Orlando, Florida and
Wulfeck, Wallace H. II, Navy Personnel Research and Development
Center, San Diego, California; Lydia R. Hooke, HumRRO, Alexandria,
VA.; Thomas G. Sticht, HumRRO; Nancy A. Thompson, Douglas K. Cowan,
and John A. Guerrieri, Air Force Human Resources Laboratory,
Brooks Air Force Base, Texas.

The discussion in this session centered around three areas: (1) the relationship of
symbols and words, (2) whether lists of acronyms can be used to reduce the readability
level of text, and (3) how writers produce materials (goals and objectives). The majority
of the time was spent discussing symbols and words. The problem, as addressed by Drs
Lydia Hooke, Peter Kincaid, and Tom Sticht, involves how information is processed and,
thereby, how it is decoded and synthesized. While some believed that reading is the assim-
ilation of words in logical sequence, others viewed the process as an inference of
meaning. The loci of controversy was the estimation of readability. If meaning and con-
tent are deemed as the important issues, one school of thought would view the issue as
one of measuring the components of a text passage (words and sentences) and infering
levels of measuring from the difficulty of the component parts. The other arguement
voiced was the impossibility of assuming and measuring content understanding separate
from the author of the material. An example was raised where it is possible to write a
passage free from jargon and acronyms and at a grammatically low level but which could
not be understood. In other words, the formulas used by DOD and other groups and agen-
cies to estimate readability are structurally oriented, have little theoretical base, and
bypass meaning. While no solution to this problem will ever be fully described, many
ideas for (1) incorporating meaning into computer programs for accessing readability and
(2) dealing with symbols (acronyms) were shared.

The most important information to come from the panelists was reemphasis of the
need for theory. Most research has dealt with the mechanics of readability rather than
the theory behind the mechanics. The goals of readability experts should not soley
revolve around text and test construction, but should also include a theoretical perspec-
tive on the origins and the processes of human receptors of reading materials.
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Measuring and Improving the Readability of Military Documents

Lydia R. Hooke

Human Resources Research Organization

A presentation given at the 23rd Annual Conference of the Miltary Testinq
Association

Thursday 29 October 1981

I first became involved with the related enterprises of measuring and improving
the readability of military documents during the two years I worked for the
Air Force Human Resources Laboratory. I became convinced then that the attempt
to measure readability is, at best, an incomplete anO misleading undertaking;
that this is particularly true for military documents and that imposing

-' standards requiring certain levels of measured readability for documents is
not a good way to improve document readability and may even be counterproductive.
What I'm gati" to dtoday is~outlineSa case against the utility of readability

', measurement for the military and then go on to introduce a possible alterna-
tive for improving readability, which relies on computer technology already
available.

Let's start with a brief description of how readability formulas are typically
derived. Their generation usually has three aspects. Certain easily measurabie
and unambiguously quantifiable characteristics of texts, e.g., mean sentence
length or number of one syllable words in a passage, alone or in combination
(apect i) are correlate with the reading grade level (aspect 2) of people who
perform adequately (according to some arbitrary criterion) on a verbal comprehension
test constructed from the passage (aspect 3)and this grade level is assigned
to the text. There are serious problem with each of these three aspects of
the procedure: the text features used, the identification of text difficulty
with the reading grade level of a population and the verbal (paper and pencil)

tests used to indicate readability.

The first set of problems has., to do with the type of text features which must
be used as readability indicators. To perform correlations,one is forced to
limit oneself to characteristics to which a number can be assigned and for
which this number will vary in value continuously for different texts. Exclusive
concern with such features means that one is forced to ignore the relationship
between the words and sentences of the text and its meaning or communicative
intent. Thus to a readability formula,perfectly meaningless texts can receive

"" good readability scores. One might argue that for normal texts features, such
as mean word or sentence length,are typically good indicators of clear meaning,

.- but this is true only statistically and need not be so in any given case.
People trying to improve writing should be induced to direct as much of their

*attention as possible to the relationship between what is said and what is
meant, yet readability formulas may divert attention from this relati~nsnip..
Readability formulas, because they ignore meaning, cannot tell a writer
exactly how to improve the-relation-between Words and meaning -'et this :s t'r
al the atmatezgoal of the enterprise.

A related issue is that, because of the nature of the statistical ass mPt!Dnr

underlying readability measurement, only longish connected texts can :e ssei
by these formulas. Yet, many of the written documents most important in ,e
military (e.g., procedural instructions or forms) are not in this f, r7 in, i
cannot be assessed. When, in the Air Force, we attempted to 3tJdy th,? 'ffct:

19
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of readability standards on actual Air Force writing (Hooke et al, 1980)
we were hard put to find, among scores of submitted documents, six with several
passages long enough for formula measurement. It is either ironic or encouraging,
depending on point of view, that suggestions for improving the usability of
real world documents (e.g., by making them into flow charts or proceduralized
job aids) involve putting them into a form where they are not amenable to
readability measurement.

A third problem wtih this sort of readability measurement is that not only is
much traditional wisdom about what constitutes good writing ignored,'but-new
and/or newly empirically proven insights about what makes texts readable, coming
from fields of experimental psychology and education cannot be incorporated
into formula assessment of readability. Thus, I can show, with any number of
college sophomores, that too many of a certain type of construction obscures
text clarity, but if I can't determine how much exactly is too many, I can't
incorporate this wisdom into my assessment.

The next set of objections I have to readability formulas is that even those
formulas developed and validated for adults give readability assessments in
terms of school reading grade level. To say a-certain document is written at
an RGL of six is to say that it is suitable for an adult reading at that level.
This implies that this adult is quite similar cognitively, verbally etc. to the
typical sixth grade child. Yet, Sticht and James (1980) have shown that adults
and children reading at the smnae grade level on some reading test are very
different in many cognitive and verbal skills.- In the absence of clear ideas
as to what the skills of an adult reading at a certain level are,the identification
of these skills with a school grade appears misleading. Furthermore, the
assignment of an RGL to an adult varies widely depending on the readinq test he or
she is tested with. For low skilled adult readers in a military population,
we (Sticht, Hooke & Caylor, 1981) have found differences of more than three grade
levels among commonly used adult reading tests. Thus, a text measured at the
sixth grade level, even if all other assumptions are met, may not "match" the
skills of an adult sixth grade reader if different tests were used to test the
individual and in validating the formula

The third aspect of the derivation of readability formulas I object to is

that they assign readability scores to texts based on performance of readers on
pape and pencils tests created from similar texts. However, in the real
world, particularly in the military, documents are written for particular
operational purposes, not just for "understanding", as measured by CLOZE or
other paper and pencil test performance. Thus, if criteria for readability
are to be used at all they should be baseo, ncton how well people are predicted
to fill in blanks on CLOZE tests, but on how well they are predicted to fulfill

* the actual purpose of the document, e.g., follow procedural steps correctly.
The only way to make these predictions would seem to be to use such perfo rmances
as criteria when the formulas are being developed.This is especially important

o-- because evidence is beginning to accrue (e.g., Wright & Reid, 1974) that the
text features most conducive to verbal understanding are not always the same
as the ones most conducive to correct operational performance.

One issue that complicates matters for military writing is the question of
technical words. Many commonly written about objects, administrative entities,
functions, documents etc. have official names which are fatally prone to
being polysyllabic and not on Dale-Chall's list. There is a long series of
these for each service and many specifc ones for each specific job. The need
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to use such terms raises the readability scores for military documents above

what such scores would be if military technical terms were shorter or more

joenQiily familiar. To compensate for such words and phrases and still attain a

low readability score, a military writer may feel he has to write the rest of
his text at virtually the level of an elementary school reader. When Air

Force writers were required to attainlow readability scores for their texts,

they persistently requested to be allowed to count field specific technical
terms as if they had the formula measured characteristics of much easier

words, i.e., as if they were monosyllabic. Writers claimed the right to do

this on the grounds that these technical words were highly familiar and thus
very easy to even the poorer readers in relevant fields. We, at AFHRL, decided

to test this claim that familiar technical terms are as easy as short, familiar

general words. To do this, we asked the writers to submit lists of the technical
words in their documents which they claimed were so familiar to relevant field

members as to warrant changing their formula count. These same writers were

also asked to submit definitions for the selected terms. We then took the words

and their definitions, made them into vocabulary tests and administered these
tests to members of the appropriate fields. We found that, in all but a

few fields, people performed surprisingly poorly with these supposedly very

familiar terms. We thus found no support for the writers' claims. However,

thisdidn not make the writers' task any easier.

Related to the issue of technical words in the measurement of the readability of
military documents is the even thownier question of what to do with acronyms.

At least technical words are words and can be treated as such. With acronyms

the natural relationship between number of syllables and difficulty or familiarity
is distorted. Yet if one counts acronyms as they are pronouncedin computing the
value of a readability measurement, one is assuming that this relationship holds.

Any decision that is made about bow to coUnt acronyms is arbitrary. Yet, as anyone

who has tried to compute the readability score of military writing knows,

scores of such arbitrary decisions have to be made for every passage.

Even if readability formulas were agreed to produce acceptably accurate estimates
of the readability of texts, it would still be a separable question whether

requiring texts produced in an organization to have some specified readability

formula score is a useful and/or effective way to improve the readability of
these texts. Yet military organizations have made and do make such requirements

(Cf. Air Force Regulation 5 -1 and MIL-M-38784A). *,t should be noted that

everyone who deals with readability formulas, including their proponentsagrees

that they are not to be written to. However, if acceptability of documents is

made contingent on even a leniently applied standard related to formula score,
what else is the poor writer to do? Writing to formula, ignoring all else,

as a way to improve document readability is analogous to trying to improve

children's reading ability by stretching them, because one has noticed that
taller children read better than smaller ones. Even more enlightened,substance-

oriented rewriting, with formula parameters kept in mind may tend to distract

a writier from his main task of clear and adequate expression and communication.

Our experience in the Air Force was that, completely aside fromwhether requiring

documents to have certain formula determined readability levels improved their

readability, writers simply did not comply with the requirement. Thus, the

majority of writers who had to submit documents written below about the 10th

grade level according to the FORCAST readability formula did not doiso,*although

they certified that they had. It is difficult to see how such a situation

could possibly have any desirable effect on document readability, but

equally difficult to blame the writers.
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The readability formula the Air Force writers we- were working with were
required to use was the FORCAST. This is the simplest of all formulas to use
since its value depends only on proportion of one syllable words in a text
sample and its only constants are 10 and 20. Virtually every other readability
formula requires much more complex text feature counting and arithmetic computa-
tion. To take the burden of these cmputations off writers, editors and their
staffs, as well as to assure that they are done correctly, computer programs
have been developed to calculate the values of readability formulas for texts.
Since the features of texts used in readability assessment are necessarily
quantifiable, computers , using simple software,are very good at identifying,
counting and calculating values based on them. I believe that the already
existing capacities of these programs, if properly used and adapted, can form the
basis of interactive systems which might actually serve to improve document
readability.

When computer readability measurement programs first came out, I suspect they were
simply intended to relieve people of the burden of arithmetic calculation.

If their use is limited to just this, clearly they are subject to the same criti-
cisms for use in the military as are use of readability formulas in general.
However, as anyone who has played with one of these programs can tell you, the
same routines written to calculate readability formula values, i.e, those that
count words per sentence, count syllables, match words to those on a word list,
can with rather little effort, be made to perform other services for the writer.
For example, a function which tells you that a word is not on the Dale Chall list
will also pick up misspelled words for you. A routine which lists all words
over a certain number of syllables in a text, can also be made to suggest synonyms
for certain of these words (Kincaid et al, 1980).

When such functions begin to appear, the program moves from readability measurement
into an area which can be called writers' aid and which may incorporate some
wisdom about good writing found in writer's guidelines and not available from
formulas. However, simple programs of this type, although very good at what they
do(counting, identifying, matching) are limited and cannot really make the kind
of context dependent judgment about appropriateness, clarity, meaningfulness etc.
which are required if a poorly written dodument is to be improved in readability.
Such decisions still appear to require human judgment, even creativity.

Another thing which may cause the kind of programs I am talking about to be
limited in usefulness is that they typically deliver their advice "off line",
after a text is already written and has been typed into the computer for the
purpose of assessment, not delivered in the context of the writing task itself.
If anything at all is known about teaching problem solving (and good writing is
problem solving par excellence), it is that particular suggestions are most
effective when given at exactly the moment they are perceived as needed.
Otherwise, they may simply be ignored as of no relevance. This may well be why
writer's guidelines, handbooks etc. don't appear to work very well.

I believe the way to get around both these shortcomings of computer readability
programs is to create an interactive writer's aid program interfaced with a text
editor or word processor and continuously available on demand to the writer as

*i he develops his text. If this is done properly, I believe it has the potential
. for creating not only better documents, but perhaps even better writers. I

think it should be clear how s-ch a program could provide immediately relevant
advice on improving the features of a particular text. It may be somewhat
less cleaL how such programs could get around the inherent limitations of the
mechanical functions a computer can perform when compared to the complex, meanina
dependent and context sensitive nature of writing.
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As I have said before, the most important criticism of readability metrics is
that they sidestep the substantive semantic and communicative aspects of writing.
In revising a document to improve its readability, a writer should constantly
make judgments about such matters. These decisions are beyond the state of the
art of even the most advanced computer programs. (The most advanced of the genre
probably are those developed by Bell:Labs. However, in an interactive systtn
the computer is only called upon to do some of the work. The decision making
capacity of the writer can be enlisted for the other part. The computer or.
gram's capacities can be used to provide input to the writer's decsionr Ch.
input can serve, for example to remind him of the particular relevance Df certain
principles or guidelines, make text aspects clearer by presenting them in relief-or
check for consistency (e.g., if a word is replaced by the writer, the program can
present all other instances of that word for possible replacement', freeing the
writer's resources to attend to more substantive aspects of text revision.

Before this discussion gets too abstract, let me give two examples of tne kind
of thing I mean. I know these are programmable because a colleague and I have
programmed them, although the system she created is now defunct. I hope these
examples show how guidelines for good writing can be incorporated into such
a computer program without the necessity for readability measurement and also
how the computer's capacities and the writer's can be used to complement each other.

The first example uses the principle of the "text skeleton". A message was
available which briefly explained that too many negative words or phrases in a
text could frequently impede readability, although in any given case, how many
was too many was a matter of judgement. The writer then had the option of seeing
a skeleton of his text with all words but negatives replaced by blanks. This
made obvious where in the text negatives were thickest and gave the writer the
option of revising those passages. The writer would additionally be able to
add or delete negatives from the list the computer was using, allowing the program

to learn from the writer, as well as vice versa. When a writer changed or replaced
a negative, he could have the option of storing that replacement if he thought it
effective. Lists of such previous successful revisions could then be made available
in the context of the "negative" routine. Similar routines were being developed
for subordinate clauses and verbal and other derived nouns.

My second example relates to an even less measurable aspect of text, that of
text organization and movement of ideas. Again the computer routine is simply
a "trick" which is designed to get the writer to consider certain principles in
relation to his particular text and to enlist his knowledge and judgment in
deciding whether and how to revise this text. A statement was available to the
writer which described how paragraphs aided topic progression and how the first
sentence in each paragraph usually provided astatement of that paragraph's
topic. The writer could then choose to see a list of his topic sentences either
in narrative or outline form, so he could more easily ascertain whether the topics

* progressed in a coherent manner and presented his ideas effectively. I hope
these two examples serve to suggest the possibilities computer programs have
for improving as well as measuring document readability.

-Hooke, L.R., De Leo, P.J. & Slaughter, S.L. Readability of Air Force Publications
AFHRL-TR-79-21,Lowry AFB, CO: Air Force Human Resources Laboratory, Sept, 1979.

Kincaid, J.P., Aagard, J.A. & O'Hara, J.W. Development and Test of a Computer
Readability Editing System (CRES),TAEG report No. 83, March, 1980, Orlando, FL.

Sticht, T.G. & James, J.H. Auding and Reading Skills in Children and Marginally
Literate Men. In HumRRo Professional Paper-10-78, Alexandria VA: 1978
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COMPUTER AIDS FOR AUTHORING TESTS

J. Peter Kincaid and Richard Braby
Training Analysis and Evaluation Group

Orlando, Florida

and

Wallace H. Wulfeck, II
Navy Personnel Research and Development Center

San Diego, California

ABSTRACT

Computer routines developed to help in authoring and editing textual
training materials were modified to aid authors of tests. The Navy's
Computer Readability Editing System (CRES) aids in producing comprehensible
text by flagging uncommon words and awkward sentences, suggesting
replacements for awkward words or phrases, and giving the readability grade
level. Additional routines were developed, based on the Instructional
Quality Inventory, specifically for multiple choice and true/false test
questions. These new routines calculate readability grade level of test
questions, and flag some kinds of awkward or incorrect test item
construction. The CRES routines, including the new test item features, are
intended to be used as part of a computer-based publishing system. Our
initial effort to provide feedback to authors of tests has convinced us
that the general approach is viable and many new useful features could be
added.
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Computer routines to aid authors in developing tests are now feasible.
Some routines have already been developed. For example, Roid and Finn
(1978) have demonstrated routines for generating multiple choice test items
from text passages. Additional routines to aid authors in test items would
complement the Roid and Finn routines, or could be used separately.

COMPUTER READABILITY EDITING SYSTEM (CRES)

This paper describes a new version of the Computer Readability Editing
System (CRES) modified to provide aid in authoring tests. Like the
original version of CRES, it is designed to make written material easier to
understand. The original version of CRES, developed specifically for text,
is documented in Kincaid, Aagard, and O'Hara (1980); Kincaid, Cottrell,
Aagard, and Riseley (1981); Kincaid, Aagard, O'Hara, and Cottrell (1981);
and Braby and Kincaid (1981-82).

The basic configuration of the original CRES is shown in the flow
chart contained in figure 1. The steps depicted for using the CRES as part
of a computer-based publishing system are:

Choose program options.

Author or typist enters text (typically 500 to 2,000 words).

Text is analyzed and printed out and shown on the display.

Author revises text prompted by computer-generated suggestions
(see figure 2).

Revisions are entered and stored.

Revised text is again analyzed by the computer to obtain
readability grade level and check for keying errors.

Editor approves text which is then stored for final camera-ready

printout (for example, using a daisy wheel printer).

The basic features of the original system include those which:

Flag uncommon words - those not on a carefully prepared list of
4,300 common words or a series of supplementary technical word
lists, each about 100-200 words.

Flag long or awkward sentences - those with passive voice or

double negatives.

Suggest replacements for awkward words and phrases.

Provide the readability grade level according to the Department
of Defense standard, the Flesch-Kincaid formula.

In addition, the system flags misspelled words.
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TEXT

Figure 1. Flowchart Showing Phases of Operation of the
Computer Readability Editing System (CRES)

INSTRUCTIONAL QUALITY INVENTORY (IQI)

The Instructional Quality Inventory (IQI) is a set of procedures for
quality control of instructional development, designed to parallel and

* supplement the Instructional System Development (ISD) process. The IQI
* procedures can also be used to evaluate existing instruction, and can be

used as evaluation or acceptance tools for instructional programs obtained
through contract. A eries of Navy reports document the IQI (e.g., Ellis,
Wulfeck, Merrill, Richards, Schmidt, and Wood, 1978).
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Ellis, Wulfeck, and Fredericks (1979) describe a series of steps in
using the IQI:

Classification. The I procedures are based on a system for
classifying objectives, test items, and instructional components.
Classification is determined according to: (a) what the student
is required to do with the information to be learned, and (b)
what type of information the student is learning.

Assuring Objective Adequacy. Since good instruction depends on
careful specification of learning objectives, the first IQI
procedure is to assure the adequacy of objectives. This is done
by classifying each objective, and judging whether or not it
accurately reflects the intended student performance after
training.

Constructive, Consistent, and Accurate Tests. The next IQI step
is to make sure that tests accurately measure progress toward the
objectives. This is done by assessing the consistency between
each test item and its associated objective, and the adequacy of
the item. Essentially, each test item must be classified in the
same way as its objective and must be adequately constructed.

Keeping Presentations Consistent. Instructional presentations
contain various components, including statements of material to
be learned, examples, and practice. For consistency, different
combinations of presentation components are required depending on
the classification of the objective.

Applying Adequate Learning Principles. The final IQI step is to
make sure that each required presentation component is adequate
according to psychological principles of learning.

The IQI is, among other things, a checklist for preparing quality
tests.

This paper describes the incorporation of a number of these items into
the CRES, those which could easily be programmed.

EXPANDED CRES FOR TEST ITEM ANALYSIS

Figure 2 shows a CRES analysis and illustrates both the original
features of the CRES (for analyzing text) and new features for analyzing
test questions. It also shows handwritten editing changes suggested by the
computer analysis. The passage and questions are intended for a Navy
remedial reading workbook for sailors with no higher than sixth grade
reading ability.

Featu',ts of the CRES designed for text are indicated by callouts 1-7.

1. Uncommon words are flagged: in this case "sequential."

2. Double negatives are flagged: in this case "not...not."
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GRAD LEVEL (Based on DOD Readabillty Standard)

----------------- WORDS NOT ON COMMON WORD LISTS----------------------

WORD FREG WORD FREG

half-closed 1 sequential I

isthere 1 visually 2

obeict I

Figure 2. Original Test Showing CRES Analysis (With Features
Noted by Callouts, and Editor's Handwritten Changes)
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3. Passive verbs are flagged: in this case "be learned." A passive
verb is composed of a form of the auxiliary verb "to be" plus a
past participle. Language experts agree that the active verb (in
this case "learn") is generally easier to understand.

4. Replacements for awkward words and phrases are suggested: in
this case "must" is suggested as a replacemnt for "are required
to."

5. Long sentences are flagged and the number of words in the
sentence is shown between dollar signs: in this case "$$34$$."

6. Keying errors and misspelled words are flagged: in this case
"obejct" and "isthere." These are listed as WORDS NOT ON COMMON
WORD LISTS.

7. The readability grade level calculated according to the
Department of Defense readability standard, the Flesch-Kincaid
formula, is shown: in this case "8.8." This grade level is for
both the passage and the two test questions. The original
version of CRES gives grade level only for text. Readability
grade level for multiple choice questions is calculated by using
the question stem as the beginning of the sentence for each
alternative.

New features of the system, suggested by the IQI, specifically analyze
test questions. They are indicated by callouts 8-14.

8. Long sentences in multiple choice items are flagged. The words
in both the question stem and answer are counted as a single
sentence and the number of words shown between dollar signs: in
this case "$$19$$.

9. Inappropriate answers to a multiple choice question are flagged:
in this case "a and b."

* 10. If the longest answer to a multiple choice question is the
correct answer it is flagged. Test-wise students use this as a
clue.

11. Repetitive words or phrases in answers to multiple choice items
are flagged: in this case "your eyes must." If the same word or
phrase starts each alternative in a multiple choice test item, it
should be moved to the stem.

12. Long true/false test questions are flagged.

13. Negative wording in true/false test questions is flagged: in
this case "not."

* 14. Certain complex true/false test questions are flagged: those
containing "either. or," "neither ...nor," and "or": in this
case "either...or."
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Figure 3 shows the revised test. It is improved in many ways compared
with the original version. Not only is readability grade level reduced
(from grade level 8.8 to 4.5), but the text is easier to read and several
errors have been removed from the test questions.

The lookout's method of watching the sea and sky around the ship is called

scanning. This is a step by step method of lookinq. It is the onlw efficient

and sure way of doing the job. ScanninQ does not come naturallw; uou must

learn to scan .hrough practice. In the dawtime your eues must Stop on an

object to see it. Try moving your e4es around the room or across the water

rapidly. Note that as long as your eyes are in motion, you see almost nothing.

Allow your eyes to move in short steps from object to object. Now you can

really see what is there.

1. To see an object during daytime scanninq your eyes must

a. move rapidly.
b.* stop on the object.
c. be half open.
d. move around the room.

2.(T) Proper scanning involves movinQ your e4es from ob.iect to object.

Figure 3. Revised Test (Grade Level is 4.5)

CONCLUSIONS

The extension of the CRES routines to aid in the development of test
items appears useful. It should be noted, however, that the present effort
was simply a demonstration. Several dozen automatic checks of IQI items
could be added using current equipment and without a major difference in
the type of computer algorithms already employed.

One entirely different kind of computer check could significantly
increase the scope of computer-assisted authoring. Whereas the features
described in this paper are automatic, a computerized IQI checklist could
be added to the system as suggested by Spannaus (1980). For example, if
the objective of a lesson is to learn nomenclature, the computer could ask
the author, "Is a memory aid appropriate?" This kind of query is easier to
program than the automatic checks described in this paper.

The routines described in this paper merely illustrate the value of
the use of computers in the development of instructional material. We can
expect many more such developments in the near future.
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A Literacy Task Inventory for Identifying
Literacy Skill Levels of Jobs

Thomas G. Sticht AD P U0 14 0 6
Human Resources Research Organization

Summary
-j
Identification of the types of literacy tasks people perform on jobs permits
the inclusion of samples of such tasks in various selection and classifi-
cation instruments to more validly represent the cognitive skill demands
of jobs. Also, the identification of job literacy tasks is needed to
develop literacy training programs that more faithfully reflect the re-
quirements for literacy in job training and at job sites. Specification of

general skill levels needed for different jobs is useful for management
purposes in establishing goals for selection and training, and for summative

assessment of literacy programs. Research is reported to develop a literacy
task inventory that provides both a specification of literacy tasks and an

estimate of the general literacy difficulty level needed to perform these

tasks. The method can also be used to establish the readability of textual,
graphic and tabular materials, as well as combinations of these displays

that appear in job literacy tasksN

Introduction

Analysis of written language indicates that it differs from spoken language

in three major features; the written language is more or less permanent,
it uses the properties of light (color; contrast), and it can be arrayed in
visual space. These features make possible the use of formats for communi-
cating via graphic symbols that go beyond the words and sentences and
connected discourse common to both speech and writing. Figures, charts, and

tabular arrays of data are examples of such formats.

Traditional measures of readability that have been used to estimate literacy

demands of jobs (Sticht and Zapf, 1976) use word difficulty and sentence
length factors to estimate the reading difficulty level of job reading
materials. Yet, even cursory examination of the types of reading materials

(called "displays" in this report) used by people in work settings reveals

that textual materials constitute only a small amount of what they must

*' read. For this reason, the present research, conducted for the Navy, aimed
" to identify the types of reading tasks personnel performed in Navy jobs and

to develop a methodology for scaling the reading difficulty of the types of
tasks (not just materials) performed. A detailed discussion of the method-
ology, and a critique of several different methods for estimating reading

SQ requirements of jobs is presented elsewhere (Sticht, et.al., 1976). Here
I will briefly summarize the outcomes of our efforts, and discuss certain

methodological difficulties inherent in any attempt to define literacy demands

of jobs, and hence in establishing levels of literacy for selection, class-

ification and training decision making.

6Identifying Job Reading Tasks

In structured interviews with some 130 personnel in ten Navy ratings, we
identified two major classes of reading tasks: reading to do something

and reading to learn something. For job performance, reading to do tasks,

1405

"r -n-~ . -



in which information needed in accomplishing some job task is looked-up,

applied, and then forgotten constituted the bulk of the reading tasks, and

hence our further analyses were performed only on reading to do tasks.

The next step in our procedure was to identify (1) the type of information

sought in performing each task, and (2) the type of display in the reading
materials, classified as either text: which would be written language;

figures: including line drawings, photographs, schematic diagrams, etc.;

tables: including both numerical and verbal tabulations; texts plus
figures; texts plus tables; and tables plus figures.

This analysis revealed that the type of information sought was usually

some type of factual data, or the person was trying to find out how to
do something. Thus, categories of skills called fact finding and

following directions were identified.

Analysis of materials by display types revealed that the combination of

tables plus figures was only very rarely used, hence this type of display
was not used in the subsequent research. Texts constituted the most

frequently used type of display and made-up about one-third of the display
types, with figures running a close second at somewhat less than 30% of
the display types. Tables, texts plus figures, and texts plus tables fell
in that order of frequency of occurence behind texts and figures.

There were differences among types of jobs in the relative frequency of

uses of displays, with technical maintenance jobs using proportionately

more figures and data oriented -,bs using figures and tables to about

the same extent.

The Reading Task Inventory

By means of the classification system outlined above generic reading tasks

were defined as the application of either fact finding or following directions
skills to texts, figures, tables, text plus figures combined, and text plus
tables combined. Tasks comprised of the two skills applied to the five dis-
play types were found in all ten jobs. They therefore represent, at an

abstract level, the types of Navy reading tasks Navy personnel perform in
the course of doing a job. In an abstract manner, this analysis answers
the question: What are the reading tasks people have to perform in various
jobs in the Navy? We can answer, they look up facts in texts, they look up
directions in texts, they look up facts in figures, they look up directions

in figures, etc.

Conceivably, we could develop an inventory by simply asking people whether

they look up facts in texts, figures, tables, etc. In fact, in work
for the Department of Manpower and Immigration in Saskatchewan, Smith (1975)

and associates used a somewhat similar inventory approach in which they
attempted to discover both what kinds of materials were read in a number
of occupations (e.g., notes, memos, letters, directions, instructions,
policy manuals, and the like) and what reading tasks are performed in

those jobs (e.g., read to locate facts, to follow directions, to discover

the main idea, etc.). To obtain this information, interviewers at times
showed displays of the general type of material they were talking about.

For instance, in determining if a given job requ 4 red the reading of graphs,

two graphs were shown as examplars and interviewees were asked to indicate

whether they read similar graphs in performing their jobs.
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A problem with the inventory approach in which people simply indicate
whether they read some type of material is that it fails to distinguish

among complexities of materials, and it provides no indication of the
level of general reading skills required to perform the set of reading
tasks in a given occupation.

To overcome these difficulties in the Navy research, a reading task

inventory was constructed which included three levels of complexity for

each type of display, i.e., texts, figures, tables, etc. The displays
were taken from the Navy's Bluejacket's Manual. This 617 page manual is
the basic manual for new Navy recruits. Therefore it is meant to be read
using only general reading skills and knowledges, and its content is
familiar to all Navy personnel. These features are important because a
primary type of information desired for occupational reading requirements

is "Data on the level of reading skills required to have access to the
occupations". (Miller, 1974). Since The Bluejacket's Manual is an entry
level manual, it represents the type of material that one must be able to
read to have access to all Navy job training and occupational fields.

To develop an inventory that we could use to identify the kinds of reading

tasks people perform, and the general level of reading skills needed to
perform those reading tasks, we searched The Bluejacket's Manual to locate
three concrete instances of each of the five abstract categories of generic
reading tasks identified above. Three examples of each generic reading
task permited us to use three levels of complexity for each reading task.
These levels were confirmed by two judges.

Figure 1 provides an example of the type of display included in the
inventory. On the left hand side is a sample of text plus table material
from The Bluejacket's Manual. On the right hand side are the inventory
questions. This particular page from the inventory is for fact finding,
so job incumbents are asked: In your job would you ever have to perform
reading tasks using material like this to look up facts? If they said

yes, then they were asked questions about the frequency of performance,
and then questions about the consequences of making a reading error in
performing this kind of reading task. These data are used to make decisions

about the criticality of the reading task.

To identify the general level of literacy required to perform each reading

task, we wrote fact finding and following directions questions for each
of the display types in the inventory. These job reading tests were

administered to a sample of Navy recruits. Additionally, they were
administered a standardized reading test. With these two sets of data,
we could then determine how well young adults of differing reading skills
could perform the job reading task test items.

Figure 2 shows the results of asking a following directions question using
the same material as shown in Figure 1 as a fact finding inventory item.
This type of display shows the job reading material on the left side of
the page, and presents the type of task, the form (in this case E for easy),

the question, and the test results, i.e., the percentage of personnel at

each general reading grade level who got the correct answer to the reading
task test item. In the case of Figure 2, we see that 10 persons read at
the 6th grade level, and 40% of them got the answer to the question correct,

using the material on the left side of the page (in the actual text, the
material was in The BlueJackpt's Manual. Thus people had to locate the

material in the 617 page manual. They were given page numbers. By using
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the intact Bluejacket's Manual we hoped to obtain a greater fidelity to the

actual job reading situation).

At the bottom of the right side of the page the results of the use of the
material in the inventory format is presented. For our exploratory study,
only four persons from four jobs tried out the inventory. The results

show differences in the reported frequency of use by these four personnel
for this type of material. Obviously, large numbers of personnel are
needed to obtain a reliable, normative view of the performance of various

reading tasks in different jobs.

To identify the reading demands of any Navy job using this inventory

approach, one would first administer the inventory to job incumbents to
: determine frequency and criticality of performance of each reading task.

Then, to determine the reading grade level of difficulty for each type
of reading task in the inventory, the job analyst would consult expectancy
tables which show how well people of differing reading grade levels perform

the reading task. At this point, a management decision must be made about
what percentage of people should be able to perform the reading task. If
it is determined that only 40% of the people should be able to perform

the task, then, using the example of Figure 2, a 6th grade level of reading
skill would suffice, and the task would be assigned a value of 6th grade
level of difficulty. However, if it were determined that 80% of the

people should be able to perform the task, then in the example of figure 2,
it is at the 8th grade level where 80% of the persons first get the item
correct (it is assumed that with larger numbers of persons taking the test,

the fluctuations in the percentages correct as a function of reading skill

assigned an 8th grade level of difficulty, in effect, its readability score.

To determine the reading difficulty for a job, the reading grade level of

each reading task indicated as being performed on the job in the inventory

of job reading tasks is weighted by its frequency and criticality. These
weighted figures are summed and the average weighted reading difficulty

level is computed. The resulting average reading grade level is the level
of general reading skill that is needed, on the average, to perform the
reading tasks of a given job.

Critique of the Reading Inventory Approach

In any approach to the development of an assessment instrument to evaluate
the skill/knowledge levels required for successful performance in a domain,
a variety of methodological and procedural problems are encountered. The

experimental development of the Navy job reading task inventory is no
exception. A discussion of some of these problems may be instructive for
others who would set out to identify reading demands or "minimal compe-

tencies" for vocational literacy.

Key requirements of the inventory are that job incumbents respond to the

generic aspects of a task display rather than to the specific content;

that they respond to the levels of complexity; and that they respond to
the distinctions between fact finding and following directions. In the

research described, however, no good basis was established for assuring

that the levels of complexity or types of uses (fact finding; following
directions) actually entered into the interviewee's responses. There was

evidence that indicated that, of the four people who tried out the inventory,

two did not respond only to the generic aspects of the displays, but rather

they responded in part to the specific content. In the work by Smith (1975)
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this was not reported to be a problem. But neither was it detectable
because of the methodology used in that study.

Concerning the job reading task test, aside from the technical problems
involved with some items which could be remedied by.careful redesign of

questions, a major problem is in knowing how close the reading task

questions approximate the real job reading tasks. It may be that the

reading test imposes unrepresentative information processing demands

which are not involved in the real life execution of job reading tasks.

Indeed, the most difficult question to answer is that of the validity of

the reading inventory/test as a measure of the reading demands of jobs.

Is there any way to be certain that this entire procedure presents a valid

estimate of the reading demands of jobs? This raises the question, how
would we know? It may be easier to know that an approach is not valid than
to know that one is. For instance, the approach in which a readability

formula is applied to a sample of text materials is an empirical method for

determining the average reading difficulty level of materials. However, the
question of validity seems clear with the readability approach: it in no

way involves figures and tables in the estimate; and, as we found in the

Navy research, only some 30% of the reported reading tasks involved texts

only; two-thirds used figures or figures plus texts combined.

In a review of some seven different approaches for estimating the reading

demands of jobs, Sticht & McFann (1975) show that all seven approaches
provide different estimates. Indeed, the very definition of a reading

task differs from one to the other approach. From the present discussion,
and the analysis of Sticht & McFann, it should be apparent that there is no

such empirical "condition" or "event" or "thing" known as "the reading

demands of a job". Hence, there is no one "true" way to establish "minimal"

competency levels of literacy for vocational preparedness. Reading demands
of jobs can only be estimated by procedures which are more or less systematic

and performed according to more or less specifiable rules. The question of

the validity of any estimate can only be answered in respect to a model or
theory of job-related reading which would define systematic procedures for

obtaining estimates of reading demands of jobs for various purposes permitted

by the theoretical constructs involved.

It should be noted, however, that the foregoing problems of validity are
not specific to the determination of job reading requirements. Indeed,

they permeate all aspects of job and task analysis, and all psychometric

approaches to the evaluation of skills and knowledges in any domain of

activities. Within these limits, and they are imposing and formidable
limits, which ought to be conducive of humility amongst psychometricians,

job and task analysts, and educators, I believe that the inventory approach

can, with refinements, offer useful information about the reading demands
of jobs.
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The Air Force Job Performance Appraisal System

Nancy A. Thompson
Douglas K. Cowan D7
John A. Guerrieri

Air Force Human Resources Laboratory

Brooks Air Force Base, Texas

Introduction

Civil Service Reform Act

In October 1978, Public Law 95-454 was passed. This law is more commonly
referred to as the Civil Service Reform Act of 1978. Among other mandates,
the law stated that each agency was responsible for developing one or more
performance appraisal systems which:

"(1)provide for periodic appraisals of job performance of employees;

(2) encourage employee participation in establishing performance
standards; and

(3) use the results of performance appraisals as a basis for
training, rewarding reassigning, promoting, reducing in grade, retaining, and
removing employees." (2USC4302)

The Air Force responded to the law by developing three systems: (I) the Senior
Executive Appraisal System (SEAS), (2) the General hanager Appraisal System
(GMAS), and (3) the Job Performance Appraisal System (JPAS). This paper
summarizes the JPAS, describing the work plan, ratings, and implementation.

Air Force Appraisal Systems

The Senior Executive Appraisal System was the first system developed and
implemented in October 1979. The two major components are the performance
appraisal and the Performance Review Boards (PRBs). These boards distinguish
the Senior Executive Appraisal System from the other appraisal systems.
Through several iterations, the boards eventually select the top performers in
the Air Force (approximately 20% of the executives) and recommend these
individuals to the Secretary of the Air Force for bonuses (Guerrieri, 1981).

The General Manager Appraisal System was implemented in October 1980
(Cowan, Thompson, Guerrieri, & Vitola, 1981). This system responds to Title V
of the Civil Service Reform Act, requiring that supervisors or managers who
are in General Schedule grades 13, 14, or 15 be recognized and rewaroed
according to performance by varying merit pay adjustments. Persons in this
category have been designated as General Managers by the Air Force. Each

7'" General Manager is a member of a specific merit pay unit (n) 35) composed ot
designated units or homogeneous clusters of job types. Pertormance is
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appraised based on the job performance elements and job standards recoroeu in
the General Manager's work plan. If the General Manager receives an
acceptable rating, merit pay is awarded according to a dollars per share
computation as determined by the individual's rating and grade.

The Job Performance Appraisal System was implemented on I October 1981 and
applies to all other employees (non-GM and non-SES). Included in this
category are all General Schedule empleyees (GS 1-18) and all Federal Wage
System employees (1-19, consisting of Wage Grade, Wage Leader, and Wage
Supervisor). The supervisor, with employee encouraged participation, writes a
work plan tailored to the uniqueness of that 3ob. Of great importance in the
work plan writing process is the establishment of channels of open
communication between the supervisor and employee that guide employee
performance throughout the year. The second part of JPAS is the actual
performance appraisal. At the end of the rating period, the employee is rated
based on the elements and standards in the work plan. Specifications for the
JPAS can be found in Air Force Regulation 40-452

Job Performance Appraisal Sstem

Appraisal System Design

An initial JPAS model was developed prior to CSRA. This conceptual model
was modified to meet the specifications of the law. Two field tests were
conducted during the developmental stage and, after several revisions, the
final appraisal system was written. The first field test reached a large
sample population in diverse job families at McClellan AFB, California. A
second field test was conducted at Norton AFB, California, with one
organization of predominantly General Schedule employees and one of
predominantly Federal Wage Scale employees.

Both field tests resulted in similar findings. The field tested system
(1) was viable, (2) did not discriminate against women and minorities, 3)
effectively measured job performance, (4) was perceived as fair, (5) improved
job related communication, and (6) had minimum ratee inflation. The field
tests motivated refinements in the work plan procedure as well as the rating
procedure. The final system is one that is simplistic in approach and
achieves maximum objectivity.

Work Plan - Elements

The work plan consists of two parts: 1) job performance elements and 2)
performance standards. Job performance elements describe the actual tasks
performed on the job by the employee. The job tasks are determined from the
position description, the supervisor's and employee's knowledge of the job,
and any other documents pertinent to the job. The elements should not be too
detailed nor should they be so general that they cannot be easily measured.
Elements specify actual work tasks rather than knowledge, skills, or abilit1c's
necessary to accomplish the job. There are two methods for entering elements
on the work plan: (1) line entry method and (2) functional category method.

Line Entry Method. The line entry method of writing elements identuiiis
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aech job requirement using a 1- or 2-line statement. Examples of i in

elements are shown in Table I. Since there are some jobs in the Air Furce

that have a limited number of relatively simple job tasks, the line entry
method was proposed primarily for these jobs.

Table 1. Job r-rfz rr.:Lce Elements - Line Entry Method

PAF:T I - ,iCnr PLAN JOB PErnPt.F 't ELEM I':TP S

CP4::°. :;;I- ; f:''5 . C 'TICAL 0' rOp [A(i EA'/"F.%T J

E Ni-. REAl~ iVE !!P0FmTANZF PLi!. Cnrs tAClI ELEI.Pir 0

0i 0
D :re t trhnica! :tv te, II

3. Revie'. manuscrinti ftLr correct snellins_ Ind gramrar. ._ I
_ _ _ _ _ _ _.LL

Functional Category Method

Functional category elements provide a methoa for clustering similar tasks
under a single heading. A functional category element has a number ot

subelements which are specified in the same manner as line entry elements. AL

appraisal time, each element is evaluated. The auvantage of the tuncLionai
category method is that the element evaluation is based on several subelements

rather than a single line entry. An individual may perform a job task that
does not fit into a functonal category. Therefore, elements may be entereQ on

the work plan using a combination of both methods. Table 2 shows examples of

functional category elements.

Table 2. Job Performance Elements - Functional Category Method

PART I - WORK PLAN 33 PIERFORMANCE ELEMENTS
CVALU.

NUMBER EACH JOB PERFORIAMICIE ELEMENT AND SUDBLEMENT.
CHECK CRITCA L OR NON-CRITICAL BOX FOR EACH ELEMENW. J , 0
ENTER RELATIVE IMPORTANCE POINTS FOR EACH ELEMENT. 4 • - - g

2 0

1. CO0E'.:A1 )\ : (1) Provides technical guidance to other DcD and _ __

govcrnMflE:Loic. (2) Attends technical conferences. (3) Coordinate,
proe:ts with eth_rKrouPs within the division. - I

Er.-'"u : (l ; ,: .we ro-rhi draft :nantscriprs. (2) Ensures pro, pr I
, .'c u rz v ir : IS .1!d .7 r. ,:n~ . i ae , i o rc p ,r ts . (3) ns rt s p ro pt.F -f rm a3 f-

4inl i. TF

1415



- T s - , • , , . . . . . r-- , . .- ---- . -- --- . --' . .-- , . - , - - - .-- - - . - . ,

Criticality

Each element must be designated by the supervisor as either critical or

noncritical, depending upon the importance of the element to the entire job.

A critical element is essential to the nature of the position, and failure to

meet the requirements of the element warrants management action. The elements
are also assigned importance points which must total 100. At least 51 of the

relative importance points must be assigned to critical elements. Therelore,

at least one element, and in most cases more than one element, must be
designated as critical. Although critical elements must be assigned a minimum
of 51 relative importance points, in some cases the)' may be assigned 100
relative importance points if the entire work plan is designated critical.

Work Plan - Performance Standards

Performance standards are written to specify the level of achievement

necessary for satisfactory performance of job elements. A minimum of one
standard must be written for each elemrnt or subelement; but more may be

written, if applicable.

Standards are written to reflect a level of performance considered

satisfactory by the average employee and are measured in terms of timeliness,
quality of work, or quantity of work. In many instances, a range of values
rather than a discrete amount is used to specify the standard. Additionally,
standards should be realistic, practical to observe, obtainable, and
exceedable, whenever possible. Table 3 contains examples of standards.

Table 3. Perfc.-iancc Stndards

11 - ViCrP. PLAN. PL~rOR k*;NCE 'r:UnAiWLlt

oEr;*C i A AN CE S V L% 7S At. 0 S JOGE L E,. Ny'S5 D N% 'A tII

1. Stock ilst changes are perfo-med at a rate c 65 tc: 10 changes per hour.

2. Documents data analysis in report form 2 mnr,-hs aft,," end of :he technical effort.

3. Manuscripts are reviewed and corrected 8 to 10 wori-,rg dayr afcer receipt.

I1. COORDINATION: (1) Guidance is initiated 5 working days after request. One valid

complaint is allowed per quarter regarding Interacion with othcr DoD and governmer.t

personnel. (2) Resulti of technical conferences are documentet. 4 to 5 working days after

conferrincc. (3) Weckiy verbal coordination is made concerring each project.
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Periodic Performance Reviews

The essence of the new performance appraisal system is establishing open
channels of communication and supervisor/employee agreement of what ih

expected of that employee throughout the year. Periodic performance reviews
are a very positive aspect of the system. Supervisors and employees are to
meet several times during the appraisal period. Modifications may be maoc at
review time to reflect changing job performance requirements. This is aln
opportune time for the supervisor to give encouragement for satisfactory
performance and to motivate the employee to even better performance. IL i

also the time to encourage and assist employees who are falling below
acceptable levels of performance to strive for improvement.

Job Performance Appraisal

At the end of the appraisal period, the employee's accomplishment of each
job performance element is evaluated in light of the standards established Lot
the elements. Based on these evaluations, an overall performance rating is
given. Certain personnel actions may then be taken pursuant to the overall
rating.

Element Evaluation

Every line entry or functional category element is evaluated as MET,

EXCEEDED, or DID NOT MEET. Substantiation must be provided on the rating form
for elements rated EXCEEDED or DID NOT MEET. An evaluation of EXCEEDED means
that performance was better than the satisfactory level which was indicated by
the standard. An evaluation of DID NOT MEET reflects performance that was
unsatisfactory. Table 4 shows a portion of a job performance appraisal form
filled in with elements, criticality, relative importance points, and element
evaluations.

Table 4. Completed Job Performance Element Sheet

PART I - WORK PLAN JOn PERFORMANCE ELEMENTS

EVALU

^ ION

NUMBER EACH JOB PERFORMANCF ELEMENT AND SUBELEMENTCHECK CRITICAL OR NON-CRITICAL BOX FOR EAC4 ELMENT. wi
ENTER RELATIVE IM-POR'IAhNCE POINTS Fon EACH ELEMENT. -3' ,. . I

2. Mointitos oblicat inaniaexpeds.uhriyfns IX 150 X

__,_ ___O_ IX 113

3. !X-- 0 ---- ' --

Overall Performance Rating

Once the element evaluations have been made, the overall peformance ratitig
must be made according to the definitions of the ratings (see Table 5). The
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employee musL at I e'st Meet tht rqi.r,.mi.rlts of eveiy ,cmcnt tu bu ratco
Fully Successful. An excellent rating is given when the employee exceeos the
job performance requirements of the elements which represent at least 50% of
the relative importance points and meets the requirements for the remaining
elements. Superior is given when the employee exceeds the requirements of
every element. Minimally Acceptable is the rating given when the employee dia
not meet one or more noncritical elements, even if the employee m~t or
exceeded the rest of the elements. Unacceptable is the mandatory rating w'tien
the employee did not meet one or more critical elements of the work plan.

Table 5

Overall Performance Rating Scale

SUPERIOR: Employee exceeds the performance requirements of all the job
performance elements of the work plan.

EXCELLENr: Employee meets the pertormance requirements oi all the job
performance elements of the work plan and exceeds the pertormance requirements
of the job performance elements which represent at least 50% ot the relative
weight in importance of the work plan.

FULLY SUCCESSFUL: Employee meets the performance requirements ot all the job
performance elements of the work plan.

MINIMALLY ACCEPTABLE: Employee meets the performance requirements of all
critical job performance elements of the work plan, but does not meet the
performance requirements of one or more noncritical job performance elements.

UNACCEPTABLE: Employee does not meet the requirements of one or more critical
job performance elements of the work plan.

Ramifications 4

A rating of Fully Successful or higher is necessary for an employee to
receive a within grade increase. Excellent or Superior ratings qualify an
employee for performance awards. These awards include Sustained Superior
Performance, Quality Step Increase, and other monetary and functional awards.
Excellent and Superior ratings also add years of creditable service to an
employee's service date for reducton in force purposes: Excellent adas two
years and Superior adds four years to creditable service for the Dext year. A
rating of Fully Successful or higher also makes the employee eligible for
basic merit promotion.

Ratings of Minimally Acceptable or Unacceptable require some action from
the supervisor. The supervisor must work with the employee rated minimalL,
acceptable to help improve performance. It is appropriate to recommena
special training to improve the employee's performance. An Unacceptable
rating also requires career counseling. If performance continues at an
unacceptable ievel, the employee may be reassigned, aemoted or removed. l4lt:
6 summarizes the ramifications of the overall pertormance ratings.
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Table 6
Ramifications of Overall Ratings

Eligible for Requires
Eligible for Eligible for Eligible for Official Honorary Employee

Ratings Within Grade Increase Merit Promotion Creditable Service or Monetary Rewards Counseling

Superior Yes Yes Yes-4 years Yes No

Excellent Yes Yes Yes-2 years Yes No

Fully
Successful Yes Yes No No No

Minimally
Acceptable No NO No No Yes

Unacceptable NO NO. No No Yes

Implementation

The Job Performance Appraisal System became effective 1 October 1981. As
of this date, a work plan should have been written and approved for every
General Schedule and Federal Wage Scale employee in the Air Force. Appraisals
in the JPAS do not all occur at the same Lime. During the first year, no
appraisals will be made prior to 1 February 1982. Thereafter, appraisals will
be completed at least 60 days prior to the anniversary date of the last within
grade increase or promotion. During the first year of employment, Federal
Wage Scale employees will have a work plan for the first 26 weeks of
employment and a rating will be made within 2 weeks of that first 6 month
period. The work plan will be reaccomplished for the second half of the first
year. Thereafter, FWS employees will be on the same time frames as the GS
employees, i.e. rated on the anniversary date of their last within graoe
increase or promotion.

Extensive training for all phases of the new civilian appraisal system is
provided in the Air Force. Two training courses were developed specifically
for the JPAS. An 8-hour training course primarily designed for supervisors
provides the information and practice necessary to write effective work
plans. Employees may also attend the 8-hour course, either voluntarily or on
the supervisor's recommendation. However, most nonsupervisory employees
attend the 4-hour training course that presents an overview of the system
enhanced by an audio-visual presentation and limited practice writing elements
and standards.

Based on field test data, the attitude toward the new job performance
appraisal system has generally been one of acceptance. If approached
honestly, the new system provides a much more objective approach to evaluation

4 than the system it is replacing. There are some objections, chief among them
is that people frequently assert that standards just can't be written for
their jobs. It is not easy to write standards and some jobs are more
difficult to define in objective terms than others. It was found, through
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various field tests, that standards can be written lar every job. It requires
an honest look at the job elements anG ti[L performarCe level requireo to
satisfactorily perform the job.

Other objections are that the system is expensive and time consuming.
These are both valid objections; but the potential for increased procuctivity
and fairness resulting from the system far outweighs these operational
problems. It requires the education of trainers and time off the job lor
training of every employee and supervisor under the JPAS. It also requires
some quality time and effort on tne part of the participants outside of
training to write work plans, review them throughout the year, and renter
objective ratings. The long range benefits of an efficient ana productive
work force justify the difficulties that will be encountered.

In the final analysis the success of the system lies with the
participants. It can only be as good as the integrity of the people who use_ it.
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Literacy: Assessment and Remediation AD P 00 14 0 8

Duncan, R. Eric, ILT, USAF Occupational Measurement Center, Randolph
Air Force Base, Texas (Chair); Claudy, John J., American Institutes for
Research, Palo Alto, California; Fischl, M. A., Kern, Richard P., US
Army Research Institute for the Behavioral and Social Sciences,
Alexandria, Virginia; Wisher, Robert A., Navy Personnel Research and
Development Center, San Diego, Californial and Payne, Sandra A., Per-
sonnel Research and Development Center, Office of Personnel Mgt.,
Washington, D.C.

The discussion in this area involved (1) whether or not there really is a reading
problem, and (2) the development of reading (literacy) skills in general and those specific
to job situations. While Dr. M. A. Fischl played devil's advocate, it was generally
accepted that the military services and other Government agencies need to teach people
to read. The primary discussion focused on the breadth of literacy training. Before liter-
acy instruction is given, an accurate assessment of reading skills is necessary. The
Government's view of literacy assessment is job-related; hence, assessment measures
being developed and used assess literacy using specific job or job-type materials. These
materials incorporate not only job-specific text but also tables and figures. The advan-
tage of Government literacy assessment is its specificity which is also its primary disad-
vantage. After identifying the literacy components of job proficiency, developing
assessment tools, and instructing poor performers, will this investment pay off in the long
run? While these steps may lead an individual to basic job literacy, the long-term
transferability and skill retainability have yet to be sufficiently demonstrated. The
panelists expressed a wary optimism for the future of job-specific literacy training but
asked more questions than they answered. One question raised was whether we should
give up trying to promote generalized literacy skills in the minimally competent or should
we be content with minimal job-related reading skills? If we are content with the latter,
will we need to generate literacy instruction for every job specialty where the minimally
competent are admitted? While it is acceptable practice to train to reading proficiency
before we train the job skills, the Government may be hesitant to lose personnel resources
for extended literacy training. So far, DOD has survived with illiteracy in its midst.
Maybe we really don't have a real literacy problem. Even with the great advances we
have made in literacy assessment and instruction, many of the problems and questions
remain unsolved and unanswered.
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Development of the Job Reading Test (JRT)

John G. Claudy, Ph.D.
American Institutes for Research

Palo Alto, California

This presentation describes the development, validation and standardization
of three parallel forms of a short, multiple-choice test of job-related
reading skills. The test was built specifically to measure skill in performing
Army job reading tasks, i.e., skill at obtaining the information which a
soldier needs to perform actual job tasks by reading the Army printed material
which is furnished to provide that job information. Each form of the test
contains materials representing the four types of Army job reading tasks
identified in prior research (Locating Job Information in an Index, in Tables
and Charts, and in Narrative Descriptions; and Following Procedural Directions),
and the reading passages were drawn equally from Army publications used in
six major, high-density MOS clusters (Clerk, Combat, Communications, Cook,
Mechanic, and Medical). A simplified test format was developed to reduce
administrative problems which might hinder some soldiers in taking the test,
and testing time was held to forty minutes. Norm tables were developed to
convert raw scores to their percentile equivalents in the standard mobiliza-
tion base population.
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The project I will be telling you about was in a sense a continuation

of activities carried out as part of HumRRO work unit FLIT (Functional

LITeracy) which was directed by Tom Sticht who spoke to us this morning.

Therefore some background information is necessary to set the stage for my

presentation. As a part of work unit FLIT the HumRRO Field Unit based at

the Presidio of Monterey and Fort Ord in California developed three parallel

forms of a Job Reading Task Test, or, as it is usually called, the JRTT.

The content and coverage of the JRTT was determined on the basis of an

extensive analysis of the types of printed materials Army soldiers

actually use during AIT training and later on the job, and of how they use

or deal with the materials. That is, what types of printed materials they

use and how they use them. On the basis of this analysis it was determined

that the enlisted personnel dealt with printed materials in four major ways:

1. They located information through the use of indices,

2. They extracted information from tables and charts,

3. They extracted information from narrative prose, and

4. They followed procedural directions.

Each form of the JRTT was constructed to contain an equal number of test

items testing the examinees' ability to carry out each of these activities

or skills using printed materials.

Since the JRTT was developed to provide an indication of the examinees'

functional literacy with regard to Army jobs rather than their general literacy,

all of the stimulus passages used in the test were drawn from Army training

and technical manuals and materials. Insomuch as the majority of Army soldiers,

especially soldiers with reading problems, are assigned to MOSs in one

of six major MOS clusters, the stimulus passages used in the JRTT were drawn

only from printed materials used by soldiers in these six MOS clusters. The

six MOS clusters were: clerk, combat, communications, cook, mechanic, and

medic.

Each form of the JRTT consisted of four sections, each section testing

one of the four major ways printed materials are used by soldiers with the

stimulus passages drawn from the manuals and materials used in one of the six

MOS clusters. Directions for the section and the questions were presented on

a right hand page and the printed stimulus material containing the information
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necessary to answer the questions was presented on the facing left hand page.

The answers to the questions were written by the examinees, in a brief, free-

* response format, on a separate answer sheet. A basic characteristic of the

JRTT was that the answers to the questions were contained in the stimulus

passage provided. Questions such as "Which of the following is the best

title for this passage?", or "Which of the following words means the same

thing as the word incorporate?" were not included. Thus the JRTT is a test

of information use or extraction rather than of reading comprehension.

The project undertaken by AIR was to develop three new parallel, equally

difficult forms of the JRTT in a multiple choice format, and to develop norms

for these new forms based on the current mobilization population. To distinguish

these new forms from the JRTT, they were termed the Job Reading Test, or JRT.

As with the JRTT, all four types of reading tasks or skills were to be included

in each of the three new JRT forms; moreover, it was also specified that

stimulus passages from all six of the MOS clusters were to be included in each

of the JRT forms. Thus six sections per form were required, rather than four,

with two sections of each form testing the same skills applied to two different

content areas. An equal number of test items for each skill were to be included

in each form, so the six sections would have to have different numbers of items

per section, rather than the same number as was the case with the JRTT.

As the initial step in test development, the 120 open-ended items of the

existing JRTT forms were converted to five-option, multiple-choice format.

These were supplemented by further test items based on the same stimulus

passages. To insure sufficient items to permit each type of reading task and

each MOS cluster to be represented in the final test forms, 16 additional

reading passages were selected from Army publications and test items pertaining

to these passages were prepared. After editing, twenty-four stimulus passages

with an average of 12 items per passage comprised the final item pool.

As an initial check on the "goodness' of this item pool, six tryout sets of

items were assembled and administered in a small scale field trial to soldiers

entering on their initial duty assignment in the 7th Infantry Division at Fort

Ord. In these trials examinees were required to attempt all items within a two

hour time limit and to note any questions which they felt were unclear or unfair.

In addition, to obtain testing time estimates, the examiner noted the time spent

on each section of the test. In a one-hour debriefing session for each group,
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the soldiers reported that they had encountered no procedural difficulties,

liked the Army content of the test, and would accept the test as a fair measure

of their ability to read Army materials. On the basis of examinee performance

and comments, some items were revised, some were dropped, and the entire

testing package was very carefully reviewed.

In the initial JRT tryouts, each tryout set of the test materials consisted

of one booklet containing reading stimulus passages, a second booklet presenting

the multiple-choice items, and a separate answer sheet. It was apparent that

this format was unwieldly. In order to simplify the task of recording the

responses and to minimize the amount of work surface required, a revised test

format was developed for the item validation and maintained unchanged into

the final forms. In this format the stimulus passages remain in a separate

booklet. However, both the question booklet and a pad of answer sheets are

attached to an 11" x 17" cardboard backing sheet. As each page of the question

booklet is turned, a new set of items is uncovered in the question booklet and

is automatically aligned with a new column of answer spaces which is exposed

on the answer sheet. The five response options for each item are listed under

the item in the question booklet, and each is followed by a horizontal dotted

line that leads directly to the space on the answer sheet corresponding to

that response option. Upon completing the test, the examinee's answer sheet

is removed, thus exposing a clean answer sheet for the next examinee.

For purposes of item validation, four provisional forms of the JRT were

assembled from the item pool and administered to enlistees at the Reception

* Station at Fort Dix, New Jersey, in October, 1978. Each provisional test form

was approximately 75 items in length, contained an approximately equal number

of items fom each skill area, and was comprised of items from each of the six

- MOS clusters. To determine the validity of the individual items, each provisi-

onal test form was administered to groups of Army enlistees of high and low

reading ability. Since no direct measure of reading ability is routinely

available in Army records, and because it was not feasible to administer an

* additional reading test in this setting, it was decided to use the Field

* Artillery (FA) Aptitude Area score of the ASVAB as the index of general reading

ability. This decision was based on a known correlation of approximately .80

o between the FA acore and scores on the Metropolitan Reading Achievement Test.

The provisional forms of the JRT were administered to groups of enlistees

with high reading ability (FA > 104) and with low reading ability (FA K 96).

1425



FA scores are expressed on the Army Standard Score Scale which has a mean of

100 and a standard deviation of 20, so these two groups were selected to be at

least one quarter of a standard deviation above and below the mean of the

standardization population respectively. In fact, their medians were more

than one half of a standard deviation away from the population mean.

Item analyses were performed to yield for each item an index of validity

or discrimination, defined in terms of the Phi Coefficient, and of difficulty

in terms of the proportion of examinees answering the item correctly. For

the discrimination index, membership in the upper or lower reading ability

group, as defined by FA acores, was the criterion variable. It was decided

in advance that only items with a corrected Phi Coefficient of at least 0.30

would be retained for possible inclusion in the final test forms. Of the

290 items administered in the item validation trial, a total of 235, or 81

percent had a corrected Phi Coefficient of at last .30, and of these 235,

66 percent had a corrected Phi of at least .50. For the 235 retained items,

the difficulty range in the validation sample was 10 percent to 97 percent

answering correctly with a mean of 66 percent of the examinees answering

correctly. Two hundred ten, or 89 percent, of the items had difficulties

in the 40 percent to 89 percent range.

An additional constraint on the test development effort was that the

final forms of the JRT require no more than 40 minutes for administration.

The number of items to be included in each of the final forms would have to be

determined in such a way as to meet this constraint while at the same time

permitting most of the examinees to at least attempt every item. After

discussions with the ARI staff, it was determined that a 75 percent completion

rate for examinees would be the target. Thus there arose the question of how

many items can we reasonably expect at least 75 percent of the examinees to

complete in 40 minutes. To answer this question we used timing information

collected during the small scale tryout conducted at Fort Ord. Since the

time each examinee had spent on each of the test sections had been carefully

recorded, it was possible to calculate the times it required for 75 percent

of the examinees to complete each type of item. These 75th percentile times

were:

1.5 minutes per index item,

.9 minutes per table/chart item,

.9 minutes per narrative item, and

1.1 minutes per procedural directions item.
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Based on these times, nine items of each type could be administered in 40

minutes with an expected completion rate of 75 percent. Accordingly, a final

test length of 36 items was selected.

The task of assembling the three final parallel forms of the JRT from

the pool of validated items was, in substantial part, a matter of inspection

and judgment. Each form consisted of six parts structured as follows:

Part I 5 items Narrative

Part II 9 items Procedural Directions

Part III 5 items Tables/Charts

Part IV 4 items Narrative

Part V 9 items Index

Part VI 4 items Tables/Charts

Of the twenty-four sets of items administered in the item validation, only

two sets failed to yield a sufficient number of validated items to be used

in the above test outline. Form A was constructed first on the basis of item

difficulties to yield a somewhat easy test which maximized discriminations

in the lower range of possible test scores. Where items of equal difficulty

were available, item choice was based on the item discrimination index. Forms

B and C were constructed to parallel as closely as possible the difficulty

distribution of Form A. The three forms had mean difficulty indices of 62.2

percent, 62.3 percent, and 62.3 percent.

These three final forms of the JRT were then administered in the Reception

Stations at Fort Dix, New Jerrey, and Fort Leonard Wood, Missouri, in February

of 1979 to obtain norming data. Following an orientation and briefing by

AIR staff members, the tests were administered by Reception Station staff to

all non-prior-service personnel being processed through the Reception Station.

Approximately 650 examinees were tested in each of the two Reception Stations.

Useable data were collected from a total of 1231 individuals divided approxi-

mately equally across the three forms.

The specifications for the project called for the development of norms

to reflect the underlying mobilization population. The characteristics of

the mobilization population are such that ten percent of the population

should fall into each of the AFQT deciles. However, examination of the AFQT

scores for the 1231 individuals who had taken the JRT forms clearly indicated

that the available sample did not represent the mobilization population.
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For example, only one-tenth of one percent of the cases fell in decile one, the

lowest decile, and only about 5 percent of the cases fell in decile ten, the

highest decile. However, approximately 22 percent of the cases fell into

both the fourth and fifth deciles. In order to correct for this lack of

representativeness on the part of the available cases, a statistical

adjustment procedure was used to estimate what the mobilization population

norms would be if a representative sample of the mobilization population were

*, available.

In order to properly calculate the norms for the JRT forms, it was

necessary to divide the AFQT distribution for the available cases into a

* discrete number of intervals, the number of intervals being a function of the

total number and distribution on available cases. After consideration of

several alternatives, 20 intervals were decided upon. In the mobilization

population 1/20th, or five percent, of the population would be expected to

fall into each of these 5-point-wide AFQT intervals.

Having divided the AFQT distribution into 20 intervals the remaining

steps of the procedure for calculating the JRT norms were as follow:

1. Calculate the JRT mean and standard deviation for the available

norming subsample examinees in each of the AFQT intervals for

each form.

2. Plot JRT means and standard deviations against AFQT intervals.

3. Smooth the curves plotted in Step 2.

4. For AFQT intervals for which no cases were available or for which

mobilization population proportions were grossly underrepresented,

those in Mental Categories IV and V, project the smoothed curves

from Step 3 and obtain predicted means and standard deviations for

these AFQT intervals.

5. Using a computer program, for each AFQT interval, generate a sample

of 50 constructed JRT raw scores having a normal distribution with

mean and standard deviation equal to the smoothed mean and standard

deviation determined in Steps 3 or 4.

6. Combine the 1000 JRT scores (20 intervals x 50 scores per interval)

generated in Step 5 into a single distribution. This distribution

is the best estimate of the distribution which would result if the

JRT could be administered to a large randon sample from the entire

mobilization population.
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7. Calculate the percentile corresponding to each raw score in the

generated distribution. This is the raw-to-percentile conversion

table for the JRT form in question. There is a separate table for

each of the three JRT forms.

With the calculation of the raw-to-percentile conversion table and the

preperation of an administration manual the development of the JRT was complete.

I wish that I could describe to you how useful the JRT has been in Army literacy

screening and remediation programs. However, I can't since such use has not yet

come to pass. In all fairness I must admit that a problem related to the

JRT arose soon after it was delivered to ARI at the end of the contract in

mid 1979. About that time some basic restructuring of the AFQT norming

procedure was undertaken by the Services. Since the AFQT scores used in

norming the JRT were subsequently revised, our JRT norms, to some degree,

*fail to represent adequately the mobilization population.

The JRT exists. Those of us who developed it think it is a good

*- test. We hope that someday it will be renormed and used.

12
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ABSTRACT

This paper reviews the literature relevant to readability prediction, critiques past and
present models of readability, and presents a comprehensive model of test-item
readability. There are 'four basic groupings of characteristics which impact on the
predictability of item readability:,

(1) 'personal cognitive characteristics--those cognitive characteristics which each
person brings into every testing situation'!

(2) other personal characteristics--those motivational and tool-skill characteristics

each person brings into the testing situation;

(3) environmental characteristics--the purpose and use a test will serve, what type

of test it is, and the conditions of equal employment opportunity surrounding the test's
use; and

(4) item characteristics--those semantic and syntactic item characteristics which
have been identified as predictive of item comprehensibility. A definition of the compre-

-hension of item text and a general procedure for estimating an item's readability are also
discussed.

4A
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Introduction

Test-item readability is a psychometric concept which has not been adequately
addressed. Improvements in assessing test-item readability should address the following
three shortcomings of past practices:

(1) Failure of past models to treat test items differently from common
prose

(2) Failure to minimize item difficulty by accounting for that unique vari-
ance and inadvertent readability effects, and

(3) Failure of past models to account for all sources of variance.

Regarding the first-mentioned failure, most attempts at establishing a test-item
readability model have treated tests as conjunctive prose (e.g., the prose that appears in
textual material) with concomitant readability estimation procedures. Those attempts
which have treated tests as disjunctive prose (examination at the item level) have failed
to separate item readability from item difficulty or have examined item readability from
an atheoretical position. My model of item readability treats each item independently of
all other items, estimates the psycholinguistic as well as ttie structural components of an
item, attempts to remove the difficulty factor from item readability estimation, and
attempts to incorporate human performance factors in an item's readability estimate.

The second shortcoming I mentioned was the failure of the readability formulas to
minimize the effects of readability and item difficulty on test results. In the case of a
job knowledge test, for example, if there is no specifically identified requirement for
reading ability, yet test readability affects performance on the instrument, poor readers
may not have their knowledge validly tested. A reliable test-item readability formula,
which should result from my model, would enable test developers to avoid this pitfall to a
greater extent. If the readabililty effects on test items are not minimized, valid equal
employment opportunity (EEO) complaints are a very real possibility.

The final deficiency of past practices which I mentioned is the failure to recognize
that an assessment of test-item readability should incorporate all important sources of
variance. While examining all sources of variance is virtually impossible, a model of item
readability should address the most relevant sources of variance. To accomplish such a
task, my model incorporates an estimate of a person's reading ability which is weighted by
certain personal cognitive characteristics (those cognitive characteristics which each
person brings into every testing situation) and other personal characteristics (those
motivational and tool-skill characteristics each person brings into the testing situation).
Thus, the estimate of person reading ability, used as the criterion in the estimation of
item readability, will be adjusted to control for sources of variance which make item
readability estimation less reliable. All important sources of variance have been placed
in one of the following categories:

(1) Item characteristics (the semantic and syntactic characteristics of an

item),

(2) Personal cognitive characteristics,

(3) Other personal characteristics, or

(4) Fnvironmental characteristics (the purpose and use of a test).
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I believe that these categories include all sources of variance relevant to the
prediction of an item's readability. The purpose of this paper is to (1) examine the
relevant literature regarding the failures of past practices, (2) describe the specific com-
ponents which contribute to item readability, and (3) briefly introduce a methodology
which will provide a usable item readability formula.

The Problem of Comprehension

Before introducing the model which describes my theory of item readability, I must
make one digression to examine the issue of comprehension. To date there has been no
universally accepted definition of what comprehension is (Klare, 1980). This presents a
tremendous problem. If there is no common definition of what comprehension is, how can
we even attempt to reliably predict the comprehensibility of prose or items, yet make
such prediction understandable to various users and generalizeable in varied conditions?
The answer to this question is not easy. Klare (1980) states that the problem does not
involve prediction of comprehension but the "inability to agree on measures and levels of
comprehension" (p. 16). In other words, the problem of disagreement is due to the varied
criterion measures of comprehension. With these measures of comprehension come the
concomitant operational definitions of comprehension. Skinner (1957), Chomsky (1972),
Thorndike (1917), and many others have described comprehension, but from their theoreti-
cal perspectives, limiting the definitions' generalizeability. The problem may also be due
to the absence of a universally acceptable theory of readability. Williams and Siegel
(1974, p. 10) have stated that theoretically ungrounded reading comprehension prediction

*equations do not accurately measure the comprehensibility of a typical test: in other
words, a test item. In developing and testing models of readability, we can come closer
to an acceptable definitior, of comprehension. After describing my model of item
readability, I will introduce a definition of comprehension related more to items than
text.

A Need for Item Readability Estimation

Valentine & Vitola (1970) have expressed a need for accurate estimation of the
readability of test items, but did so in a theoretical vacuum. While describing prose
readability, Dale & Chall (1949) have unwittingly described the theory of item readability
that I will detail by stating that readability is "the sum total (including the interactions)
of all those elements within a given piece of printed material that affects the success a
group of readers have with it. The success is the extent to which they understand it, read
it at an optimum speed, and find it interesting." However, they proceeded to estimate
readability in a somewhat atheoretical manner. They indicated that those components
important in determining readability were the length of a sentence and vocabulary diffi-
culty (Dale & Chall, 1948 and 1949).

Two Models of Readability - A Review of the Literature

Guilford's Structure- of-Intellect Model

Two relatively sound models of readability have been described by Guilford and by
Kare. Guilford and his associates (1950, 1954, 1966, 1967), developed a theory which
views human mental activity and, thereby, readability (my inference) by describing three
separate but interdependent characteristics. Derived from factor analysis, these
characteristics are: (1) "contents"-- a factor illustrative of the form in which information
is encoded, represented, stored, and decoded; (2) "operations"-- a factor which describes
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the actions taken on the "contents"; and (3) "products"-- a factor which describes the
results of any "operation". Deignan and Duncan (1978) reported differential performance
on an achievement test based upon how students processed the "content" of learned mate-
rial. Data from this study indicated that tests which were verbal in nature were com-
pleted more successfully by those who processed information verbally than by those who
processed information more figuratively. Deignan, et al., (1980) provides data which give

-" credence to Guilford's "structure-of-intellect" theory.

The characteristics described by Guilford were determined to be orthogonal (after
orthogonal factor matrix rotation) and can be represented in geometric form by a cube as
seen in Figure 1. The figure presents 120 unique cells of which many have been validated
against either performance or tests by Guilford and his associates.

Siegel and Bergman (1974) suggested that structure-of-intellect components which
indicated a high level of mental ability when used in textual material would be less com-
prehensible for individuals of low and middle abilities than those components indicating
lower levels of mental ability. More precisely, textual materials incorporating high levels
of these basic components of the structure-of-intellect would be more difficult to read
than text with lower levels of these variables. While quite elegant, this interactive
theory has one primary problem -- not all the cells are testable. The cells of Guilford's
model are intended to be independent, each cell describing some unique variance in the
model because of some unique combination of the primary characteristics. The failure of
the model lies in its undescribed or untested cells.

Klare's Readability of Reading Tests Model

Klare (1976) has described a simpler but more inclusive model of readability. In
Figure 2, Klare's model of the interacting factors of readability measures is reproduced.
His model can be summarized by stating the reader's performance on a reading comprehen-
sion test as a function of the reader's reading ability and motivation, the content and
readability level of the material, and the testing conditions. This model includes those
qualities essential for a universal theory of item readability; personal characteristics,
environmental characteristics, and test-item characteristics. Research designed to inves-
tigate Klare's model has seemingly led to partial model verification (Klare, 1980). Specifi-
cally, the reader motivation and type-of-comprehension measure portions of the model
have revealed that (1) when motivation is low, easier-to-read material is recalled
(comprehended) in greater quantities than is hard-to-read material, but when motivation
is high, reading difficulty has no effect on comprehension, and (2) most reading comprehen-
sion measures are negatively affected when prior knowledge can be used to answer ques-
tions on reading selections (Entin & Klare, 1980). The second result was also found by
Hanna & Oaster (1978). There is empirical evidence to support portions of Klare's
interactive model. In the present context, thu problems with this model are (1) it doesn't
address many of the item characteristics which may have an effect on an item's
readability level and (2) it fails to examine to what extent the factors weigh in predicting
reader performance.

A Model of Item Readability

The model that I propose incorporates and weights these portions of the varied com-
ponents which are necessary to a verifiable theory of item readability. Instead of a flow-
diagram which fails to acknowledge all possible interactions or a cube which forces cell
identification that may neither be relevant nor attainable, I prefer a pyramid (see Figure
3). The pinnacle of the pyramid represents item readability (comprehensibility). It is a
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point (rather than a sphere, plane, or line) because it represents a unique value for every

item. It does not vary significantly across samples of people for whom the respective
item is designed nor is it affected by the item's difficulty (ability required to answer the
item correctly). The pyramid's base consists of four subdivisions of those basic compo-
nents which must be included in any model of item readability (personal, environmental,
and item characteristics).

Environmental Characteristics

The details that should be described are those of the environmental characteristics
surrounding the answering of an item. The readability value of an item will vary
depending upon what testing medium is used, the type of test in which the item appears,
the purpose for which a test is taken, and the conditions of the social climate which limit
the acceptability of decisions made from test scores. For a readability value that is theo-
retically "invariant", there seem to be many environmental conditions which can create
variability. Variability in the readability value of an item will occur only if value
calibration is attempted in an environment in which these characteristics are NOT held
constant. For example, readability value invariance (within the confines of the standard
error of estimate) will be present if an item's readability value is calibrated for a paper
and pencil achievement test taken by individuals for promotional competition. This value,
however, is invariant only within the stated parameters (i.e., for each set of conditions
there is another readability value).

Given that differential selection will be reduced by use of (1) an item readability
estimation procedure and (2) iteratively modified matrices of the utilities of improper and
proper selection decisions (Darlington, 1976) (i.e., there is high utility for minimizing item
readability effects), the social climate characteristic can be removed as a source of
invariance. The thought may have occurred to question whether any of these environmen-
tal characteristics have a significant impact on an item's readability value. Deignan, et
a ._a., (1980) indicate that identical items appearing on a computer terminal and on paper
were answered differently. This may be due to the fact that there is rarely more than
one item appearing on a computer terminal at any one time while all test items are pre-
sent on a paper and pencil exam. By having items to compare against or provide clueing,
paper and pencil exam items should (on the whole) be responded to differently than items
that appear singularly (and must be answered before progressing) on a cathode-ray tube.
This characteristic may be related to the personel characteristic of test-wiseness,
showing that none of these characteristics operates independently. Depending on whether
a test is an achievement, aptitude, or diagnostic test and depending on how the test re-
sults will be used, a person's motivation may vary. These components, while probably not
exhaustive, do tap the essential construct of environmental characteristics. Without this
knowledge, item readability value estimation would most probably be so variable as to be
unusable.

Personal Characteristics

Two separate corners of the triangle's base are needed to detail the contribution of
person (or personal) characteristics within the item readability model. Much research has
been done to examine the cognitive and affective regions of the human psyche and is too
extensive to address here. Suffice it to say that the data seem to support the contention
that humans do possess separate, but not independent, cognitive and affective domains.
Therefore, the present model of item readability should address both domains as well as
include biographical data which can be used to investigate whether items are
differentially readable.
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Personal Cognitive Characteristics

"Personal cognitive characteristics" make up a much purer component than "other
personal characteristics." A person's reading ability must be accurately measured to be
useful in establishing an item's comprehensibility level. In order to incorporate all
relevant factors which may affect a person's score on a reading comprehension test (e.g.,
the Nelson-Denny Reading Test), it is necessary to obtain a weighted score based on
those factors' (all person characteristics) contribution to reading ability. Before describ-
ing this weighted score further, those person characteristics which affect the weighted
reading comprehension score will be examined.

Cognitive skills can be defined as a person's ability to process information and as
that cognitive style which a person uses to perform a cognitive task. The literature is
rich with reading models which use both top-down and bottom-up information processing
approaches. Massaro and Taylor (1980) present an information processing model of
reading printed text (See Figure 4). This model is tremendously important in that it
describes reading at the well-organized micro-level. However, when test-item reading is
examined in light of this model, the questioning component of an item may not be fully
explicated. On the other hand, it does provide a construct for memory load in the
answering of test items and is directly related to the item characteristic of grammatical
structure. Some measure of memory ability should be related to a person's reading ability
and is integral to my model of item readability. Using Guilford's model, memory has been
shown to be a good predictor of reading ability (Williams and Siegel, 1977). Cognitive
styles research indicates differential test-item performance for differing cognitive styles
as mentioned earlier. For example, the field independence-dependence cognitive style
has been related to non-verbal IQ and is related to test-taking abilities (Deignan, et al.,
1980). The scanning cognitive style can be directly related to how item alternatives are
selected and to which item pairing strategy provides optimum item statistical properties
(see Note #1).

Another component of the personal cognitive characteristic is the individual's
knowledge of the subject matter of an item. This component involves not only content
difficulty but also how the tested information was obtained. Separating an item's content
difficulty from its reading difficulty has been a concern of the testing community for
many years and has not been sufficiently addressed. This issue has been the downfall of
many test (not item) readability formulas. While intricately related to an item's
comprehensibility, it is primarily a methodological issue and, as such, will not be dis-
cussed here (see Note #2). Establishing whether performance on a test item is learned or
is a function of prior knowledge is also a methodological issue. There are measurement
approaches which provide a methodology to assess these differences (e.g., various item
characteristic curve (latent-trait) theories). One of these approaches will be used when
this model is tested.

The final component to the personal cognitive characteristic of item readability
involves the constituent of general intelligence. While it is not the purpose of this section
to rehash the nature-nurture issue, suffice it to say that much literature exists in tis
area which is directly related to differential assignment due to readability effects (see
Jensen, 1969, 1973a, 1978; Herrnstein, 1971, 1973; Kamin, 1974; Crawford, 1979; Wilson,
1978; Mili, 1969). It can be seen that 10 is not only related to a person's reading ability
(because most 10 tests are highly verbal) but also to (1) the environmental characteristic
of test usage, (2) person motivation, and (3) those item characteristics which are most
influenced by verbal TO (syntactic and semantic structures). The unique and combined
contributions of intelligence on the weighted readinq ability score will be evaluated to
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determine whether this component adds significant unique variance to the weighted
reading score via regression analysis. The primary reason for its inclusion is to counter
arguments that all that is being estimated in my item readability formula is intelligence
and not the readability level of an item.

Other Personal Characteristics

"Other personal characteristics" is basically an affective component with test-
taking skills and biographics included. Test-wiseness can have an impact not only on an
individual's reading score but on performance on the test items whose readability is being
assessed. It is necessary to estimate how test-wise a person is (there are instruments to
evaluate the quantity of test-wiseness) in order to remove that variance which is neither
attributable to subject-matter knowledge nor reading ability. Once this is accomplished,
a more stable estimate of a person's reading ability can be obtained.

Physical and mental condition is related to all other components in the model. A
healthy constitution and an alert and moderately anxious demeanor are necessary
precursors for accurate reading ability estimates (Gage & Berliner, 1975, p. 345). Mani-
fest anxiety scales are excellent tools for establishing the anxiety levels of testees and
will be used in testing this portion of the model.

Motivation of examinees has been shown to be related to performance on reading
tests by Fass and Schumacher (as cited in Klare, 1980). By extension, this same result
should be present in achievement, aptitude, and diagnostic tests to a greater or lesser
degree. The literature in this area indicates that, with all other things being equal, the
higher the motivation the better the performance on a test with less of an effect for item
or test readability. However, for those with very low reading abilities, no amount of
motivation can overcome the negative effects of their basic problem. It is an important
component and should be included in the determination of a weighted reading ability
score.

Item Characteristics

After assigning each item being calibrated a value that is the minimum possible
reading level necessary to answer it correctly, the item characteristics can be used to
compute a formula to estimate an item's readability level. We are simply trying to
estimate item readability and not directly trying to establish causality. However, if all
relevant personal and environmental sources of comprehensibility invariance are con-
trolled or accounted for and the item characteristics significantly estimate
comprehensibility, a causal inference could be made (but done so with great trepidation).

The item characteristic components of semantic and syntactic structure are very
similar to prose readability theory components. However, most of these subcomponents
(la-f, and 2a and b of Table 1) have been altered somewhat to fit item writing
constraints. A measure of the readability level, as computed by the Flesch formula, of
the text from which the item was written is a necessary predictor of an item's readability
level. This necessity is intuitively obvious if one considers, for example, the possible
readability differences between a history 'est item and a physics test item.

The "information requested" component of this corner of the triangle's base is
directly related to the "cognitive skills", anxiety, motivation, and "knowledge of the
subject-matter" of the examinee and virtually all of the environmentql characteristics
(see Table 1). Of all the item characteristics this component has probably been the least
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attended to by test readability researchers. In this context, the full implications and
supporting literature can not be reviewed. However, it is quite important and will be
incorporated in this model.

Discussion

Earlier, I promised to propose my version of comprehension. I have done so in al-
most every section of the model I have discussed. My definition of comprehension is that
amount of information which can be free recalled upon demand after reading a section of
prose given the interactive effects of the personal and environmental characteristics and
the syntactic and semantic properties which impact on that individual at the time the
prose is read. The model presented here is testable and makes intuitive, if not logical,
sense. What remains is a great amount of work necessary to verify this model of item

*. readability, but it is possible. I
To discuss the details of the methodology to test this model in this context would

not fairly outline the necessarily complicated procedures. Suffice it to say that a
regression analysis will be used to establish an equation to predict an item's "readability".
Each item will have the variance due to its difficulty separated from the variance due to
its readability level. The dependent variable will be a reading comprehension score
weighted to exclude variance common to Personal Cognitive Characteristics, Other Per-
sonal Characteristics, and Environmental Characteristics.
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Table 1

Components of the Base in the
Item Readability Theory Pyramid

Item Personal Cognitive Environmental
Characteristics Characteristics Characteristics

1. Grammatical structure 1. Reading ability 1. Testing medium
* (syntax) or Surface Structure a. vocabulary a. paper & pencil

(Chamsky) b. comprehension b. CAI
a. Bloom's taxonomical level
b. centerembededness 2. Cognitive skills 2. Test type

* c. left-branching a. information processing a. achievement
d. word and sentence length b. cognitive styles b. aptitude

* e. Yngve depth c. diagnostic
f. alternative pairing stra- 3. Knowledge of subject

tegy matter 3. Testing purpose
a. prior a. mastery

2. Semantic Structure b. learned b. qualifications..

a. abbreviation or jargon c. selection/
b. vocabulary level and 4. IQ prmotion

familiarity a. verbal
c. voice b. non-verbal 4. Social climate

3. Test reference material - a. differential
the readability level of Other Personal Characteristics selection
text used for question b. use of utility
construction 5. Tool skills model of

a. test-wiseness validity
4. Information requested b. eye-hand coordination

a. type
1. figural 6. Physical & mental con-
2. verbal ditions

a) gist a. health
b) rote recall b. alertness

b. amount of learning time c. anxiety
possible

c. type of source from 7. Motivation
which material was learned

d. practiced material 8. Biographics
e. content validity a. sex

b. race
c. SES
d. developmental stage
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.'igure3
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SOLDIER READING ABILITY

The Advocacy Point of View

M. A. Fischl
U.S. Army Research Institute

The purpose of this presentation is to assume the role of devil's
advocate, and~provwde information and data which may suggest a broader

perspective for interpreting the incidence of so-called Tliteracy' problems
in the military services.

\

By mid-1977 reports started to reach our office from the Army's Training

and Doctrine Command and from its Forces Command, which has cognizance over
individuals in operational units, that soldiers did not have adequate liter-

acy skills. We addressed the issue in several ways: one was to consider

development of a reading test to serve as a supplement to existing AFQT and

ASVAB aptitude area screens; another was to consider modifying the AFQT to

increment its reading ability demand; a third was to determine how good a
reading screen could be devised directly from the existing ASVAB. This
third approach produced some surprises.

In the Fall of 1977, 600 new recruits were administered the USAFI

Reading Test, which is a form of the Metropolitan Reading Achievement Test,

a fairly universally used and accepted test to evaluate literacy. Also

obtained for these individuals were their scores on the 16 subtests of the

then operational forms of the basic enlistment battery, ASVAB. Our statis-
tical approach was to regress reading achievement scores on ASVAB scores in

order to determine if some combination of ASVAB test scores could serve as

a predictor of reading Ability.

These correlation coefficients were exceedingly high; that is, the test
on which enlistment applicants at that time were screened, correlated about

as highly with the reading test as do alternate forms of the same instrument.

The visual shows these coefficients.

How, then, might the services be experiencing so-called "literacy"

problems when screening on a measure which is as good an indicator of read-

ing ability as the reading test itself?

a. Reports also reached our office about breaches of ASVAB
securitv, Although3 as those r's demonstrate, it is
virtually impossible to be illiterate and pass ASVAB

fairly, test compromise--knowing some ASVAB answers ahead
of time such as occurred in 1978--could have resulted in
illiterates being admitted.
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ASVAB &LITERACY

Correlation with USAFI
Reading Test, Form D

N - 600

Corrected for
Reading Test Unreliability

ASVAB Test r If Reliability -0.95 If Reliability 0.90

AFQT 0.78 0.80 0.82

WK 0.79 0.81 0.83

WK +MK +SI 0.84 0.87 0.88

All ASVAB 0A 0.90 0.93 0.95
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b. Later, reports reached our office of ASVAB norms yielding
overestimates of qualifications. Army enlistment standards
at the time utilized the total battery, setting cuts half a
standard deviation below the mean (31st percentile) on 9
job related measures, buttressed by a 16th percentile on
the general measure. Although, again, it is virtually
impossible for someone who scores within half a sigma of
the mean to be weakly literate, ability levels that might
in fact be a full sigma or more below the mean would be a
very different story.

The bottom line is that it is quite probable that most of the presumed
"literacy" problems were not that at all, but were in reality test compromise
problems or test norming problems.

Note should be taken that the forms of the ASVAB described in this
presentation were subsequently replaced and have not been operational for
almost two years.
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ABSTRACT*AD POO1411
WHAT ARE THE LITERACY COMPONENTS OF JOB PROFICIENCY?

An Objective, Opinionated Commentary

Military researchers in the areas of selection and assignment, training,

and unit leadership and management have the common goal of improving job per-

formance. Of necessity, each area of research approaches this goal from a

different perspective. However, in the final analysis we are all dealing with

the same nucleus, the individual enlistee, and the ability of these personnel

to learn, perform and maintain their proficiency in performing their prescribed

military duties.

Recently, '(e role of literacy in affecting military efforts to select,

assign, train, lead and manage individuals and units has become a prominent

issue. My objective in this paper is to identify what I perceive as serious

pitfalls in the concept of literacy as presently reflected in applied military

research as well as in operational practices. Support for this perspective

will be offered based on research literature and findings from my own recently

completed research. I will then propose a direction for future research. The

goal of this research is to substitute a more diagnostic, functionally-related

concept of the individual's job-related knowledge base for the present, relatively

uninformative concept of general literacy.
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WHAT ARE THE LITERACY COMPONENTS OF JOB PROFICIENCY?
An Objective, Opinionated Commentary

My paper addresses two questions: What is a job reading task? What is the

m purpose and potential value of tests built on this concept?

What is a job reading task?

The concept of a job reading task that I am going to present grew out of

research conducted for the Army by Tom Sticht of HumRRO (1975).

Major objectives of their research program were to develop ways of estimating

minimal reading skill requirements of Army jobs and to develop alternative ap-

proaches the Army could use to effectively utilize low aptitude recruits. In

addition to conducting research on the use of information provided by general

reading tests and readability formulas, Sticht and associates interviewed job

incumbents in their work settings to identify specific instances in which they

had used printed materials to assist them in performing their work. For each

[- incident cited, the interviewee was asked to describe the task or activity he

* had been engaged in and the information he had been seeking when he went to the

printed material. In addition, he was asked to obtain the manual and show the

interviewer the.portions of the material he had used in attempting to obtain

the information he had been seeking. Information obtained in this way was then

used as the basis for identifying job reading tasks.

In the course of this research a model of a job reading task was developed.

In this model a job reading task occurs when the worker uses visual information

displays to resolve a question or otherwise obtain information to support perfor-

mance of his task activities. A specific job reading task is defined in terms of

both the question or nature of the information the person was seeking and the

specific material used in attempting to obtain the information. Description of

a job reading task as it occurs in the job setting contains at least the following
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elements:

Condition: Worker performing task activity in the "natural" job setting

1. Recognizes need for information

2. Formulates question

3. Identifies a likely source

4. Locates source

(if manual)

5. Searches manual for information responsive to question

6. Locates and processes print for information

7. Resumes task activity, applying (accepting/rejecting) information

Construction of job reading task tests.

As in dealing with most problems in life, there are two approaches to develop-

ing job reading tests based on job reading tasks, the ideal and the practical

approach. Ideally, all one would have to do to construct a job reading task test

would be to sample the job reading task incidents described in interviews such as

those obtained by Sticht. Then using the model of a job reading task as a guide,

you would simulate the full situation for each job reading task in performance

test format. This, obviously, is not a feasible approach.

A practical approach is to obtain job reading task incidents and then classify

the questions asked and the materials used. Assuming that questions asked remain

cross-indexed to the materials used during this classification process you can then

sample on the basis of either question or material classifications to form subtests

for a job reading task test. In using this approach you are providing the "question"

in the test format and a replica or copy of the actual job materials. As a result

you have restricted the test to only those elements of the job reading task (de-

scribed above) that occur after the worker has located the source of information.

The test is now degraded as a test of actual job reading behaviors if for no other
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reason than the fact that a "teacher" is not generally available on the job to

tell the worker what question he should be arking and to provide him with the

* specific material needed to answer the question. Be that as is may, the degraded

' form still permits one to examine how well personnel can perform different types

-: or sub-sets of question-material combinations which can be expected to be encoun-

tered in the job setting.

At this point I am going to put other methodological problems on "hold" in

order to focus on a more important issue for advancing development of tests based

on job reading tasks. Put simply, this issue is what is the purpose of these

tests?

Why develop job reading task tests?

Research in this area in the military was funded under the pressures of Project

100,000 and the concerns over effectively utilizing recruits scoring in the lower

range of aptitude scores. It has been my impression that when the words literacy

* or reading skills pop up commanders and administrators automatically tune to visions

of low aptitude, functionally illiterate, personnel and remedial reading programs

to teach phonics, word recognition and vocabulary. The targeting of remedial

reading programs for those at only the extreme low end of tested reading ability

appears to have "chicken-and-egged" (I don't know which came first) two perceptions

of adult literacy or reading "problems". One view is that remedial reading training

has not and can not demonstrate gains in reading ability that have any practical

affect on improving learning and performance of military jobs. The second percep-

tion is that adult reading competency is a distinctly bimodal phenomenon. Under

this perception an adult is either competent in meeting reading requirements of

training and job performance or is functionally illiterate in all areas.

It is my contention that the continued reliance on reading tests designed to

yield only a global screening or school grade placement score is responsible for
6L
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reinforcing and maintaining the pessimistic and restrictive perceptions of adult

reading competencies I have cited above. As a result of our continued use of

these tests we have very little data on how adults perform reading tasks that can

be related to the use of reading to deal with the requirements of training, job

performance, and general military life events. Aside from the work performed by

Sticht, there has been little research in the military devoted to this objective.

However, even his job reading task tests have been designed to yield only a global

screening score.

With the above considerations (and opinions) in mind, I am proposing the

following applied objectives for use in designing tests based on job reading tasks.

I am offering these objectives to solicit this panel's consideration and'discus-

sion of their merits for moving the topic of job-related reading out of the remedial

reading school and into the broader area of cognitive psychology and its possible

contributions to improving training and job proficiency.

Applied Objective Proposed for Use in Designing Reading Tests Based on Job

Reading Tasks:

1. Predict how well individuals can handle different types of job-specific

reading requirements prior to job training.

2. Assist training developers identify and use reading task requirements

in establishing.training objectives and standards for course development.

3. Assess how well trainees can handle the different types of job reading

requirements at end of training; Predict how well they can handle these types of

job reading requirements when on the job.

4. Assist developers of manuals or other visual information displays to

identify anticipated levels,reading competencies for different types of job

reading tasks.

Reference: .

Sticht, Thomas G. (Ed.) Reading for Working, HumRRO, Alexandria, VA 1975.
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Job-Related t.easurement of Readinyg Ability

Sandra S. Payne
Personnel Xesearch Psychologist

Personnel Research and Yevelopment Center

Office of Personnel -anag-ement

Reading Comprehenfion is a requirement for satisfactory performance
in a variety of jobs, and consequently a test of reading ability
is frequently used in job selection. Because of recent increased

emphasis on the job-relatedness of selection devices, it is desirable
to have the reading ability test be as closely linked to actual job
reading requirements as possible. This paper describes a set of
procedures for developing a clearly job-related test of reading

comprehension. The procedures include steps for sampling and
measuring the reading level of materials used on the job in order
to define the specific level of reading ability required. The test
is then designed to match the required job reading level. The
procedures are flexible, allowing for design of a test for use
as a minimum competency measure or as a ranking device. Test
questions can be written directly from the sampled job materials
or from general materials. The procedures are presently being used
for a variety of Federal test projects and a discussion of problems,

improvements, and results from some of these projects are discussed.

Reading comprehension is a requirement for satisfactory performance in

a variety of jobs, and consequently a test of reading ability is frequently

used in job selection. Because of increased emphasis on the job-relatednessof seleczion devices, it Is desirable that the readinp ability test be as

closely linked to actual job reading requirerents as possible.

To meet this goal, we have develol ,d a set of specific procedures for
our use in the Federal examining program in the Personnel Research and

Development Center of the Office of Personnel Managenent. The procedures
-car. include steps for sampling and measuring the reading level of raterials used

on the job in order to define the specific level of reading ability required.
The test is then designed to ratch the specific job reading level. These

procedures draw on the experience of both myself and other researchers in

developin, reading comprehension tests ana in determining the reading level

of written materials. Tlie procedures were first applied in a test development
project I conducted in 1976, and after sore refinement, are being used in

several different Federal test development projects now in prog'ress. As
new problems are encourtered, tle procecdures are being modified and hopefully
It.proved where necessary.

1456



The procedures are flexible, allowing for design of a test for use as a

minimum competency measure or as a ranking device. Test questions can be

written directly from job materials or from general subject matter materials.

Planning for Test Development

An initial assumption at the start of these procedures is that the reading

comprehension test is only one factor in a complete selection process, and

furthermore, it is assumed that the complete selection process has been care-
fully planned and is based on a study of the job requirements. Consequently,

these procedures are not intended to provide documentation of the inclusion
of a test of reading ability in the overall selection process. These procedures
do, however, document the job-relatedness of readir g comprehension test.

There are three major steps in the test development process: (1) identifying

the reading materials used on the job; (2) determining the reading level of
those materials; and (3) preparing and assembling the test questions.

Carrying out these steps requires assistance from three sources. The
first source is a qualified test development specialist whose role is to guide

the entire process and be responsible for the technical aspects of test develop-
ment, assembly, and documentation. The second source is job incumbents, trainers,

and supervisors of the job for which the test is being developed. These people,
called "subject-matter experts," and hereafter referred to as "SMEs," are
responsible for identifying the reading content of the job, determining the
reading level, and preparing the test questions. The third source is the higher-

level management of the agency (or agencies) in which the jobs exist. Through
discussion and cooperation with the test specialist, management is responsible
for determining the job(s) to be covered by the reading test, for selecting

the SHEs, and for overall support of the test development effort. Strong
management support is critical to the successful completion of the project,

as considerable SHE time away from-regular duties is required.

The bulk of the work is done by the SMEs. We have developed our procedures
to rely on the SMEs for two major reasons. First, to identify the required

reading materials obviously requires job knowledge experts. It would be highly

inappropriate to conduct this step from the personnel office, regardless of

the depth of available job information. Second, the use of ShEs to determine
the reading level and to write the test questions has an even more pragmatic

base. Most personnel offices do not have the available staff to assign a

large group of test technicians to a single test project. The only other
available source of workers is the job incumbents themselves.

The selection of qualified SMEs is essential to the successful conduct
of the test project. The SEs who carry out the first step, identifying

the recuired written job materials, should all be job incumbents or first-
line supervisors of the job. Job training specialists may also be included

when there is extensive fornal training involved during the first months
on the job.

If the reading test is to cover more than one Job, 'r if there are
several distinct specialties within the job, the S1Es should be chosen to
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represent these different jobs or specialties. The SMEs should be experi-
enced, so that they have sufficient knowledge of job activities that may
occur less frequently than others.

The SNEs should also be chosen to reflect the ethnic, racial, and sex
composition of the relevant work force. If there are no members of large

" racial or sex categories in the job at present, then special effort should be
made to have the work done on the project reviewed or augmented by knowledge-
able personnel specialists or other persons sensitive to the concerns of
these groups.

The same group of SMEs can carry out the second and third steps of the
test development procedure, or different groups of SNEs can be assembled.
The SMEs who do the second and third steps do not have to be as carefully
representative of the various job specialties as did the SMEs doing the
first step. Training specialists, central office personnel, or staff mem-
bers with ecific question writing experience in their backgrounds are
examples or the type of SMEs who could be selected. However, they should
still be familiar with the written materials used on the job, the termino-
logy associated with the job, and other aspects of the job.

The number of SNEs to be assembled to carry out each of the three steps
will vary according to the amount of time allotted for completing the work,
and the number of steps assigned to the group to do. In any case, there
should probably be at least four group members, and there should probably
not be more than ten members. The size which best allows for both optimal
group interaction and variety of input is probably five to seven members.

Regardless of the number of SNEs assembled and which step is to be
carried out, the SMEs should be chosen for their verbal abilities and skills.
Also, it is important that one SHE be assigned as the group leader. The
leader is responsible for maintaining the SMbs' cooperation, and encouraging
their best efforts at all times. The leader also works with the test
specialist to keep the project on track.

Logistics and Test Security

Attention to details concerning work arrangements, scheduling, and
security of test materials will make the test development process move

smoothly. To this end, a detailed project processing schedule should be
drawn up and adequate workspace and typing support should be arranged before
the~group of SMEs meet to begin their work. Arrangements for security
must be made, and the security of the test materials should be emphasized
at the first meeting of the SMEs. Security is important in all three steps
of the procedure, not just when test questions are being written.

Special Problems of Non-Assembled SMEs

We prefer that the SMEs assemble in one central location and complete
all work at that time. Occasionally this is impossible, and work must be
done individually. The procedures can he carried out under these circum-
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stances, but the time to complete the project is greatly lengthened, and

security becomes more difficult to control. Some suggestions for dealing
with these problems will be given when appropriate as the steps of the
project are described.

Step 1: Identification of Job Reading Content

The first step in the procedure is to define the reading content of
the job. The definition consists of a comprehensive list of all written
materials which are used in the performance of the job. Only those materials
which are actually necessary for work performance are included. Written
materials which provide extra information, or nice-to-know information, or
are used only by supervisors are not included.

To prepare this complete list, the SMEs first develop a preliminary
list of possible job materials. This is effectively done in a brainstorming
session, with each SME suggesting any written job materials that come to
their minds. During this initial stage the list includes materials that
may not be required by the job incumbents. If there is formal job analysis
information available, it can be reviewed as a source of suggestions of
materials used to perform different parts of the job.

Typical materials to be named would included rulebooks or manuals
describing work procedures, reference materials like price catalogues, job
training manuals, and incoming materials like letters, claims forms, order
forms, requests for assistance, etc.

After the preliminary list is developed, the group of SMEs should
individually rate each material on the list for its relevance to the job.
The criteria shown in Figure 1 are used for this purpose. Majority rule
prevails, and the result will be a list of materials which the SMEs agree
are required to perform the job for which the test is being developed.

The reading content of the job can be identified if absolutely
necessary without assembling the SMEs together. The best approach is for
the test specialist, in conjunction with knowledgeable agency personnel,
to prepare a preliminary list of possible job materials. This list is
then mailed to the SMEs, along with instructions to rate the relevance
of each of the materials, and also to add any materials which are missing.
The ratings are then mailed to the test specialist, who compiles the
ratings and prepares the final list of required written job materials.
If there are major discrepancies between the ratings, or if many different
materials are added to the lists, then a second preliminary list must be
prepared and distributed for ratings. In addition, telephone calls must
be made to solve major differences in ratings on the same materials. This
process usually requires at least a month to complete.

Step 2: Measurement of Reading Level

The next step is to determine the reading level of the written materials
used on the job. There are many formulas that have been devised to estimate
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The ter READING MATERIALS includes handbooks, pamphlets, forms, letters,
nanuals, catalogs, etc.

The term ENTRY-LEVEL refers to people who have been on the job one year
or less.

*. ESSENTIAL READING MATERIALS:

ARE actually necessary to the performance of the entry-level

job

ARE required for successful completion of any required
training program

ARE any materials the position description for the entry-

level job mentions as necessary

ARE available to all entry-level job incumbents

ARE materials the entry-level job incumbent cannot do the

job without reading

ARE NOT materials used to help prepare the job incumbent for

promotion

ARE NOT materials some job incumbents may use to help them

understand other materials

ARE NOT materials which are supplementary to the reading required
in any required training program

ARE NOT materials that would be good for the entry-level job
incumbent to read if he or she had the time

Figure 1. Criteria for identifying essential job reading materials.

or judge the reading level of written material. The formula used in our
procedures is the Flesch Reading Ease Index. This formula i based on

sentence lenyth and number of syllables per hundred words in samples from
prose passages (Flesch, 1948). It was chosen because of the strong research
support for its validity and reliability (England, Thomas, & Paterson, 1953;
Cilinsky, 1948; Hayes, Jenkins, & k.alker, 1950; liotfman, 1972; I'eterson, 1956;

Swanson & Fox, 1953), and because it could be easily adapted to measure the
the reading level of written multiple-choice type iters, which is necessary

in the test develorrent stage of the project.
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Use of the Flesch formula results in a single numerical index which

estinates the relative reading ease level of the material which is analyzed.
The index ranges fron 0 to 100. The higher the index, the easier the
material it describes.

I believe that the actual method used to measure reading levels is

less important than the way in which the results are used. Early research

attempted to relate a measured reading level to a particular educational
level, or type of material (Klare, 1963). Such relationships should be
viewed with caution, however. For instance, attainment of a particular
grade level in school does not necessarily mean the same in terms of
acquisition of reading skills from school to school, or from locality to
locality. Consequently, the most appropriate use of a reading level index

is to compare the relative size of the measurements obtained from analysis
*of different materials. Differences in levels can thus be detected or

adjusted as necessary, without regard to what the levels are actually
stated to be.

Before the computation of the Flesch indexes can be started, a sample
of all the written material included on the final list of required job

reading must be compiled. These samples should be machine-copied and
gathered in one central location. If the procedures described in this paper
are followed completely, these machine copies will be used twice--first
for counting the raw data for computing the reading ease levels, and second

as the basis for the actual test questions. A copy should be made of every
page of short materials (say, 10 to 20 pages), and a careful sampling plan

should be followed for longer materials (say, every other page for materials
from 20 to 50 pages; every tenth page for materials which contain more
than 500 pages, etc.)

After the reading material samples are gathered, the second group of
SNEs begins their work. They must count the raw data for computing the

reading levels for each sample of the reading material. This is tedious
and exacting work, and requires careful checking. The raw data is recorded

right on the machine copies of the reading materials. The test specialist
computes the reading level for each sample directly on the same copy, and

records it at the top of the page. The individual reading levels are then
combined to determine a reading level for each material on the final required
reading list, and also an overall average reading level for the job.

The reading level counts cannot be carried out by an unassembled panel,
as the work of satmpling and computation is constantly interrelated. Also
the complete sample of reading materials should be assembled in one place

for security reasons.

The length of time required to do the reading level count will depend

upon the aount of required reading material and the number of people who

are doing this work. The work is tiring, and can only be performed for short
periods of time before accuracy falls olf drastically. Experience has shown
us that one person can count approximately 25 to 40 samples per day, again
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depending upon the complexity of the material. Then time has to be allowed

for checking the counts, and computing the reading level for each sample.

Finally, time has to be allowed for computing the indexes for each complete

material, and the overall average for the job.

As I developed these procedures, I considered the issue of weighting the

reading levels for different materials based on the relative number of pages

included in each material, or on the relative frequency of use of each

material, when computing the overall reading level for the job. My final

conclusion was that a complicated weighting scheme was not only unnecessary,
but also inappropriate. The important factors to consider are: (1) the

range of reading levels required on the job, which is adequately described

by determining the reading level of each material included on the final list;

and (2) the overall reading level of the job, which is adequately described
by determining the average of all the required materials. Because one

material is used more frequently than another does not automatically mean the
less frequently used material is of lesser importance. Also, because one

material is shorter than another does not automatically mean it is less

important than a longer material. Unless a very complicated rating procedure

is followed in the identification of required reading materials step,

introducing a weighting scheme at this point would not be justified. I also

do not believe a complicated rating scheme would add anything to the process.

Step 3: Development of Test Ouestions

The final step in the process of preparing the job-related reading

comprehension test is to prepare the test questions. This step can be

carried out by the previously assembled group of SMEs, or by a new group.

As indicated earlier, there are two major sources for the reading

comprehension test passages. One is specific, the written material used on

the job, and one is general, any written material in the appropriate range

of reading difficulty.

If test auestions are to be uritten from job materials, they should be

based on the passages used in the reading level analysis. If one or two of

the written materials are found to be quite a bit more difficult or less
difficult than the average for all the job materials, then it is not appro-

priate to use these reading passages as the basis for test questions.

Although the reading level of an individual test item is affected by the

response alternatives as well as the base paragraph, the restriction of
paragraphs to those near the average reading level will help to keep the

finished questions in the desired range.

If confidential materials are included in the reading level samples,

they should not he used as the basis for test nuestions. Some care should
be given to selecting other reading samples that are similar in style and

difficulty to these confidential materials.

The passages should not be chanped in any substantial way when test

questions are written, however, clearly incorrect grammar, syntax errors,
or outdated sex or race references should Le corrected.
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Each SME prepares draft questions based on a portion of the reading
material samples. More than one question can be written on the same passage,
and conversely, some passages may not be suitable as the base for even one
question. A fairly even distribution across all samples is a good goal, however.

I recommend that job taterials be used as the basis for the test questions.
These materials are readily available, and their use adds considerably to the
clear job-relatedness of the completed test. General rules for constructing
objective written test questions should be followed by the SMEs. We provide a
day of item writing training before the SMEs begin to write questions, and also
closely monitor progress for the first few days of individual question writing.

Draft questions are reviewed and edited by the test specialist on a con-
tinuing basis to determine if the item is psychometrically sound and gramma-
tically correct. The review also includes the identification of specific
job terminology which may not be clear to non-experienced job applicants.

Reviewed questions are then either returned to the original author for
rewriting, or placed into a finished question file. When questions are in
final form, the reading level of the complete question is determined. Special
rules are followed to apply the Flesch formula to a multiple choice test question
(Payne, 1976).

If test questions are to be written from general subject matter materials,
rather than job materials, it is unlikely that SMEs would be used to write
these questions. They may be asked to review already prepared question files,
however, to see if the questions are on appropriate subject matter, and are
of the approximate difficulty level desired. If questions are written from
general materials, the same procedures would be followed for construction,
review, and determination of reading level.

It may seem that computation of a reading level would not be necessary for
reading questions taken directly from the job materials. However, the reading
level of a multiple-choice test question depends in part on the complexity of
the choices, or alternatives, given in the question, in addition to the reading
level of the paragraph. Also, the final test could inadvertantly include
more passager from the more difficult sample vaterials, or vice versa.

Determining Difficulty Levels of Items

Since we do not generally have the time or the available sample to pretest
the questions developed for the reading test, we use the SpiEs to estimate the
relative difficulty of the questions they have written. To do this, we Five
the SMEs a set of reading comprehension items with known p-values to use as

benchmarks, and ask them to roughly categorize the difficulty levels of the
new test questions.

Test Assembly

After the test question file is completed, the test is assembled in a
standard manner, in accordance with the test plan. The test plan should state
whether the test is to he used as a minimum screen or as a ranking device.
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In either case, the average reading level of the test should be set at the

average reading level found for all the job materials.

If the test is to be used as a rinimum screen, all of the test questions

should be set at or near this average reading level. Some range in reading
level is acceptable, but individual questions should generally not vary by
more than + 10 points on the Flesch index. For example, if the average reading
level for the job is a 57, then the reading level of questions selected for the
test should fall within a range of 47-67. The range of questions should he

consistent for each of the test forms assembled.

If the test is to be used as a ranking device, a wider range of reading
levels is appropriate. The range can be as wide as that found in the analysis

of job materials, or it can be slightly narrowed to reduce the effects of one
or two extremely different job materials. The average reading level of the

test must remain the same as the average reading level of the job. The use
of a wider range of reading levels will allow for jreater variability in scores,

which is appropriate and necessary for a valid ranking device. Tile same range

* of reading levels should be used for each test form assembled.

Length u! Test

Although 75 to 100 questions would be desirable to assure reliability,
a 50 or 60 -question test composed of well-constructed, caretully reviewed

questions is probably sufficiently long. The tests we are currently developing
at OPM are 60 items long.

Time of Test

The reading comprehension test is designed as a power test, not as a

sp-ded test. Consequently, enough time should be allowed for all except the

slowest applicants to complete the test.

Setting Passing Points

If the test is to be used as a screening device for minimum reading
ability, then a passing point must be set for the test. This passing point
may be set rationally, as there are few completely satisfactory vethods for

setting passing points. One approach may be to consider a correct score ot
50% of the items as the passing point. The test can also be administered to

job incumbents, and the passing point set at tle lowest score obtained by

incumbents who have evidence of performing satisfactorily on the job. The
passing point should not be set lower than the score which can be obtained
purely by chance, however. Neither should Fassing point be set much higler

than 70% of the questions, even if the lowest scoring job incumbent answers
a greater percentage of items correctly. The essentil fact to rerember in

setting, a passin:, point is that there to sor..e rationale or reasonable
explanation docuMrented for whatever passing point is set.

It the test is to be used as a ranking, device, it should not be necessary

to set a gassing: point. If you are rccuirei to do so, (as we are at OP;), then
til rinimu;, lssirp point is set in much tke sare way as tor a screenin, te.,t.
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* Prohler s

Each tine we have used this procecAure to develop a reading! test based on
job materials we have encountered sorve new problems. host ot these problems
center around difficulties with gathering the S'iEs in a central location. Uhen
the required reading materials are identified by a mailout process, it is inevi-

table that some rating forms are late, or completely lost. Also, without direct
it is harder to communicate the purpose of the procedure, and the data is conse-
quently not as strong. The time is greatly extended, particularly when there are

* differences to iron out. Ve have learned that when the SMEs cannot be assembled,

it is worth trying to convince the agencies to pay for the test specialist to

travel to the SHFs to gather the data directly.

Other problems center around the measurement of the reading level. This is
exacting work, and it is hard to keep the group concentrating. The only solution

solution is to attempt to get the group to see the importance of their contribu-
tion to the selection of future co-workers. This work is also very time-
consuming and can ruin the best-laid project processing schedule.

Finally, if the ShEs chosen to write test questions do not have adequate
verbal skills, the work may go very slowly, and the quality of the completed
test questions may be very poor. This can only be solved before it occurs, by

emphasizing the need for qualified SMEs to management, before they are selected.
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DEVELOPING JOB-RELATED DATABASES FOR CCMPUTER-ASSISTED
READING INSTRUCTION

Robert A. Wisher
NAVY PERSONNEL RESEARCH and DEVELOPMENT CENTER

San Diego, CA 92152

Summary The paper summarizes a research project that developed a genera-
tive CAI procedure for improving reading ;omprehension skills of Navy
recruits. The procedure utilized paragraphs drawn from training manuals;
the computer-based training exercises involved word prediction, sentence
arrangement and recall, and paragraph organization. The philosophy
behind the instructional software was to reduce the human's role in cour-
seware development time by employing string-oriented software that
operated on databases of paragraphs.

PRCBLEM
Iie trend towards computer technology as a training device presents

opportunities for automating not only the delivery of instruction, but
also the creation of instructional materials. Emphasis has deservedly
been placed on automating the delivery of instruction in order to demon-
strate first the efficacy of the computer as an instructor. With this in
hand, the time has now come to automate, in increasing steps, the

development of computer-based instructional materials. Authoring
languages, such as Coursewriter, Tutor, and Planit, are availabe to
assist the courseware developer in formatting questions, matching
answers, and keeping records; or, in general, prepare pre-conveived
materials into a format amenable to computer delivery. Although author-
ing languages are a valuable asset for "bringing up" instruction, they
nevertheless require overhead expenditures related to the time to learn
the authoring language, prepare the materials off-line, and input those
materials, via the authoring language, to the computer.

For some instructional approaches, authoring languages can be ideal
vehicles. Depending on the relationship between the CAI program, or pro-
cess, and the structure of the instructional materials, or data, alterna-
tives to authoring langauges are available. The delivery of reading
comprehension instruction by computer presents unique opportunities for
taking advantage of a process-data relationship due to the linear, sym-
bolic nature of language. The concept developed here involves domain-
independent, string-oriented software (process) that operates on para-
graphs of text (data) extracted from training manuals.

READING CCMPREHENSION
In its most simplistic form, language may be viewed as a string of

symbols; language comprehension, then, is the task of decoding this sym-
bol string and mapping the decoded form into an internal representation,
or in the parlance of linguistics, a deep structure. It is this deep
structure, and not the symbol string, that a reader comprehends; the sym-
bols give only clues to the meaning.
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The task of reading comprehension is, simply stated, an exercise of
applying various cognitive processes to text in order to arrive at a deep
structure. Although there are other factors that distinguish good from
poor readers, good readers are effective, and efficient, at executing the
cognitive processes; poor readers are not. Other factors, such as the
quantity and quality of knowledge (schema) one has about a topic, or per-
ceptual processes, are not considered in this approach.

INSTRUCTIONAL SOFIWARE
The instructional approach was to force the student to make deci-

sions about text while interacting with the computer. If the computer-
controlled decisions simulated some of the decisions made in real-time
during reading, many of the cognitive processes would be exercised and,
presumably, improved in terms of execution efficiency. The instructional
sequence entailed having the student read a paragraph and engage in three
exercises.

Missing Word Each sentence would reappear individually on the com-
puter screen with one word randomly deleted. The task was to
select, from anong distractor words randomly drawn from other sen-
tences, the word that appeared in the original sentence. This task
exercised those cognitive processes related to anticipating word
meaning and utilizing syntactic constraints.

Sentence Arrangement Both philosophic and linguistic theories of
language have discussed how the meaning of a sentence is composed
from the meanings of individuals words. This exercise involved
selecting, from a 3 by 3 matrix of words and phrases, the sequence
of cell entries that, when combined, constituted a previously read
sentence. By interacting with a keypad, the student would "build"
the sentence from its constituent words. Prior to the exercise, the
computer would parse each sentence, randomly arrange the entries
into the matrix, and fill the missing cells with words or phrases
randomly drawn from other sentences.

Paragraph Organization The final exercise drew on the structural
contraints imposed by a paragraph. The student's task was to
arrange a set of randomized sentences into a meaningful order, as
they appeared in the original paragraph. This exercise forced the
student to recall and assemble the sequence of ideas as expressed in
the paragraph under inquiry, paying attention to such constraints as
pronominal reference, topic, and scope.

In order to make the instructional procedure more demanding, there
were instances where the exercises would be attempted prior to reading
the paragraph. This forced the student into a generative mode, making
decisions about meaning and form with fewer clues. Other aspects of the
CAI system, such as the use of a voice synthesizer to provide procedural
and evaluative information, and the token economy invoked that gave the
instruction an arcade-like, gaming environment, will not be pursued here.
The system was developed on a PDP-11/34 minicomputer in the "C" language.
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Formative Evaluation
Thus far, sixty Navy recruits have participated in the course. The

recruits averaged a completion rate of 21 six-sentence paragraphs in five
hours of instruction. After completion of the course, they were given a
criterion-referenced test that was also adminstered to a control group of
recruits participating in a classroom version of comprehension instruc-
tion. The preliminary analysis indicated that, compared to the classroom
control group, the CAI-recruits achieved criterion in about half the
time.

Implications for Military Training
It is important to note that the traditional CAI and workbook

employment of comprehension questions was never used in this approach.
Although such questions serve a useful purpose in assessing comprehen-
sion, they task the course development process: somebody must take the
time to develop and evaluate the questions, specify the correct answer,
and generate useful distractors. When used in the CAI mode, these ques-
tions and answers must be input to the machine.

The present concept requires only paragraphs from the course
developer. These are entered into the computer by keyboard entry with a
sequential file name associated with each paragraph. Currently there are
restrictions as to the paragraph size, no more than seven sentences, and
the number of words with a sentence, no more than twenty-seven. It is
possible to automate this paragraph-entry procedure by downloading mag-
netic tapes containing the contents of a technical manual (as is used in
the automated printing process). With the proper filtering software to
divorce the tables, figures, and printer instructions from the para-
graphs, and software to monitor paragraph size and sentence length, many
hours of instruction can be developed in only minutes of computer-
computation time; it is difficult to estimate the man-years this would
require for a traditional classroom approach to comprehension instruc-
tion. With the variety and quantity of occupational specialties in the
military, this automation can lead to vast savings in course development
time.

SUMMARY
By taking advantage of a process-data relationship between an

instructional approach and instructional materials, an initial step in
automating the courseware-development process was investigated. The
evaluative data indicated that the CAI system was effective in improving
reading comprehension skills of Navy recruits. Although the system used
a minicomputer for course development and delivery, a microcomputer could
certainly accommodate the computational requirements.
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Panel: Military Compensation: A New Look at an Old Challenge.

Hale, Linda Pappas, Hay Associates, Washington, D.C. (Chair); CPT

Thomas Hale, USN, Office of Chief of Naval Operations, Washington,
D.C.; Peter Oglobin, Office of the Secretary of Defense/MPP

Washington, D.C.

The military compensation panel addressed the topic:

"Military Compensation: A New Look at an Old Challenge." The

panel discussion examined three essential areas - military

compensation philosophy, the pecuniary rewaids, and nonpecuniary

rewards - and developed recommendations for adjustments in the

compensation system. It addressed making proper military manpower

-and force management decisions based on a thorough understanding

of military compensation philosophy. Additionally, an understanding

of pecuniary rewards, how they can be adjusted, and their relationship

0 to manpower supply 4s basic. Finally, new and creative uses of

Q nonpecuniary (noncash) compensation were considered for a

*compensation system competitive with the private sector.

A thorough overview of the military compensation system's

cash rewards was presented. Their definition and raison d'9tre

provided the audience with a sound appreciation of the complexities

of the military compensation system and highlighted two of the

system's short comings: lack of a theory of compensation and little

or ineffective use of noncash rewards. A succinct overview of

major compensation changes was presented in conjunction with the

relevant laws. As the discussion evolved, the way to practically

address and develop a theory of military compensation surfaced.
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HAY ASSOCIATES
-2-

The panel presentation on the theory and philosophy of

military compensation underscored the lack of a unifying, underlying

theory in military compensation today.

Questions from the audience centered on the perceived value

of benefits (e.g., retirement) and the use of nonpecuniary rewards

(e.g., flextime, choice of duty assignment) with some interest in

the theory and philosophy of military compensation.

The discussion on the employee's perceived value of benefits

and nonpecuniary rewards addressed the employer's return on

investment in these areas. That is, for every dollar the employer

invests in an item what is the employee's perceived value of this

item. Clearly, such an examination must be part of sound management

practice in the Federal government as well as the private sector.

A methodology to measure the employee's perceived vatue of

both cash and noncash benefits was provided to the audience. Such

an approach enables the employer to quantitatively measure the

return on benefits and/or ascertain the perceived monetary value

of nonpecuniary factors. For example, how much is it worth to an

employee to work a 40-hour week but still have every Friday

afternoon off? For some individuals, this work-day arrangement

may be worth $1,000 a year, and hence a lower salary could be paid.

Obviously, numerous monetary and nonpecuniary factor trade-offs

exist. Further information may be obtained by contacting the panel

chairperson: Linda Pappas Hale at (202) 833-9250 or (703) 323-1677,

or through the Army Research Institute MTA co-chairmen.
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MILITARY COMPFNSATION;

FO TH HALL F

By Captain T.M. PALE, USN
Head, Compensation Policy Branch,
Office of the Chief of Naval Opeations
30 October 1981

Summary. The gradual deterioriation of military pay in the
1970's because of the pay caps and reallocations of pay has been
sharply reversed by major military pay acts in 1980 and 1981. A
new pay standard is needed to measure military and civilian pay
comparability and a tamper proof adjustment mechanism is necessary
to ensure military pay does not again fall behind wages of compar-
able skills in the private sector. Special and incentive pays
require updating and linkage to basic pay growth to maintain their
value. Other compensation improvements are needed to maintain a
competitive position with opportunities in industry.
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The cash portions of active duty military pay can he broken
down into the general categories of basic pay, housing and subsis-
tence allowances, and special and incentive pays. Basic pay is
the only cash element that is received by all members of the mili-
tary service. Some members receive many of the pays, none receive

% all.

HISTORICAL EVALUATION OF PAY

Before the Joint Service Pay Act of 1922 was enacted, each
service provided pay for its members by means of separate pay
legislation. Although the pay was roughly equivalent for the Army
and the Navy, there were significant differences. For many years
Navy pay was differentiated between those serving on sea duty and
those on shore duty. Officers on sea duty were viewed as serving
normal type duty and received normal pay. Officers assigned
ashore received less pay because they were viewed as serving some-
thing other than normal duty. At times, Marines were paid on Army
scales and at times on Navy scales.

The Act of 1922 changed all that. It established uniformed
base pay rates for offices of all services based on a combination
of rank and length of service. Rental (quarters) and subsistence
allowances reflected an equivalency of need for officers by
differing by number of dependents in the case of the subsistence
allowance and by rank and dependency status in the case of the
rental allowance. Enlisted members were provided the cash
allowances for quarters and subsistence when these items were not
provided in kind.

Special and Incentive pays evolved over time to reflect the
need for special compensation to attract and retain the force
required to man and operate the military. Enlistment and reen-
listement bonuses date back to the eighteenth century, and reflect
the effectiveness of money in the decision process of joining or
remaining in the military. Likewise, flight pay dates back to
1913 when extra compensation was needed as an attraction device to
encourage members to undertake the very dangerous practice of
flying the early flying machines. Diving pay dates back to the
1880's, when it was determined that the Navy needed its own group
of experts in this occupational field. Parachute pay was insti-
tuted in 1941 when it became necessary to attract large numbers of
soldiers to become proficient in this new warfare tactic.

The Career Compensation Act of 1949 provided the foundation
for the pay and allowances system as it currently exists. The
term "basic pay" replaced "base pay" and was based on rank and
years of service. The Basic Allowance for Quarters (BAO) and
Basic Allowance for Subsistence (BAS) were established to replace
the rental and subsistences allowances.
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Both th~ 1922 and 1949 Acts followed major re~uction in force 
levels after the world ware and were designed to provide a stable 
and meaningful compensation system for an older, more career 
oriented force that would experience slower promotions during 
peacetime service. 

Military pay was adjusted periodically during the 1950's and 
1960's but generally lagged wage growth in the private sector. It 
was not until the 0nactment of Public Law 90-207 (the Rivers Bill) 
in 1967 that military pay increases were linked with General 
Schedule pay increases for federal civil servants. 

This law also established the concept of Regular Military 
Compensation (RMC) as the rough military equivalent of civilian 
pay. RMC consists of basic pay, BAS, BAQ, and tax advantage 
associated with the tax free allowances. The three cash elements 
of RMC were the basis for adjusting basic pay from 1967 to 1973 
and RMC itself is often used as a means of comparing military and 
private sector wage growth. The definition was significantly 
broadened in the Nunn-Warner Amendment to the National Emergency 
Act of 1980 (hereafter called the Nunn-Warner Amendment) by the 
inclusion of the Variable Housing Allowance (VHA) and Overseas 
Station Housing Allowance (SHA) in the definition. 

CURRENT··CASH PAY STRUCTURE-

The elements that currently comprise the military cash pay 
structure are shown on Table 1. The length of the list is much 
more impressive than its effect. Most of the force does not 
receive more than basic pay and one or two of the special and 
incentive pays or allowances. The law prohibits the payment of 
more than one hazardous duty pay to any individual with the single 
exception of some special forces who may receive two hazardous 
duty pays. Special pays are also quite limited in application. 
For example, one of the costlier special pays, career sea pay, 
accrues to only 19 per cent of the Navy force and slightly over 5 
per cent of the entire military. Submarine duty incentive pay is 
paid to only about 5 per cent of the Navy force, while parachtlte 
duty pay accrues to less than 2 per cent of the total military 
force. All of the duty-related special and incentive pays require 
performance in an unusually hazardous or arduous duty, either over 
the course of a career or in a special duty assignment in order to 
acquire entitlement to the pay. Because of t·he relatively small 
numbers that receive most special and incentive_pays and the 
relative insignificance of most of the pays compared to basic pay, 
it has been difficult to justify increases in economic terms (that 
is, the effect of pay increases on accession and retention). As a 
result, many of these pays have been allowed to stagnate over time 
and have lost much of their value to the member. Table 2 shows 
when some of the special and incentive pays were last changed and 
that amount that would have to be paid today if the pay had been 
adjusted for inflation. 
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BASIC PAY AND ALLOWANCES

The effect of the Rivers Amendment (1967) was to link mili-
tary pay indirectly with wage growth in the private sector through
the federal civil service pay link with the Professional, Admini-
strative, Technical and Clerical (PATC) wage survey. Using PATC
wage survey data, general schedule wages were to be annually
adjusted to match wage levels in the private sector. Military pay
was then to be adjusted an equivalent amount. Unfortunately, it
hasn't worked as intended. Presidential pay caps in 1975, 1978
and 1979 and reallocation of pay increases from basic pay into the
quarters allowance (which many members do not receive) in 1976 and
1977 had the effect of reducing military pay when compared to wage
growth in the private sector. Table 3 shows the growth of mili-
tary pay (expressed as RMC) from March 1971 through FY 1980
compared to illustrative standards since the advent of the all
volunteer force. The relative loss of military pay compared to
the otier standards help explain why retention in the career force
reached new lows by mid-1979 and the service began to experience
severe difficulties in meeting recruiting goals.

PAY IMPROVEMENTS

In an attempt to remedy this situation, the services, working
with OSD and the Congress were able to influence the enactment of
three significant pay bills in 1980. The Nunn-Warner Amendment,
the 1981 DOD Authorizat4 n Act, and the Military Pay and Benefits
Act of 1980 together act.,unted for more than twenty improvements
in military pay, benefits and reimbursements. Most significantly,
the laws provided for an 11.7 per cent across the board pay
increase and increases in flight, sea, and submarine pay. The
laws also provided much needed improvments in reimbursements for
government directed travel. At this writing, there is another
significant pay bill about to be enacted which, by itself, will
provide the most sweeping changes in military compensation since
the 1949 Career Compensation Act. In addition to an average 14.3
percent increase in basic pays, a new temporary lodging allowance
will be established to help defray the cost of permanent change of
station moves. Also, new travel reimbursements will be estab-
lished for emergency leave for members at overseas locations and
there are several new provisions which will expand entitlements to
store household effects. The bill also provides for increases in
flight pay, diving pay, and extends hazardous pays to additional
categories of duty.

The FY 1982 pay raise will restore military pay to roughly

the relative levels that existed at the beginning of the AVF. The
other compensation improvements will serve to alleviate many of
the finanical hardships and sacrifices that are incurred as a
direct result of military service.
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CHALLENGES FOR THE FUTURE

Even the most optimistic of the economists on the national
scene project inflation at an annual rate of 6 to 10 per cent for
the foreseeable future. At this rate there will be a continuing
need to update special and incentive pays lest they became value-
less over time. More importantly, the prospect of high inflation
requires that the pay standard be developed that will ensure that
military pay will not lag wage growth in the private sector. An
adequate pay standard would consist of wage surveys of representa-
tive skills in the military which is flexible enough to permit
automatic annual adjustments in military pay and comprehensive
enought to cover all of the pay grades. Clearly, the current
indirect link to PATC through the civil service wage structure
does not meet this test. PATC represents only about 12 per cent
of the skills in the military and does not cover most combat
skills, the basic function of the Armed Forces, at all. Also, the
current adjustment mechanism is not tamper proof as witnessed by
the presidential pay caps and reallocation. A recent study'
determined that a combination of PATC and area wage surveys (AWS)
could provide coverage to about 70 per cent of the enlisted
military force and has potential as a new standard upon which to
base military pay growth. Along with a new standard, an adjust-
ment mechanism should be devised to ensure that artificial limits
are not introduced to satisfy short term political concerns as
have been the case in the past.

The objective of a new military pay standard would be to
remove pay as a major item of concern to the military member. The
demands of military service are such that even minor pay dispari-
ties tend to be magnified over time and are quickly added to the
list of dissatisfiers that mitigate against continued service.
Since the services have to *grow" their own personnel, each
careerist lost through unexpected attrition causes severe ripples
in the force structure. Not only are the years of experience lost
but each lost careerist requires several additional recruits to
eventually provide the one placement in the career force.

The challenge then for the future is to execute a compensa-
tion strategy that focuses on ways to minimize pay and reiburse-
ment irritates while providing a system of compensation sufficient
to attract and retain the quality and quantity of the force needed
to carry out the defense mission.

1. Rader, Norvin E., et. al., "Pay Principles and Standards",
General Research Corporation Report 1207-01-81-CR prepared for the
Department of the Navy, General Research Corp., McLean VA., 1981,
P3-1
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The elements of this compensation strategy would include:

- Development of a representative pay standard upon which to

periodically adjust military pay

- Establishment of a pay adjustment mechanism to ensure that
[ military pay does not fall behind the pay standard that has

been developed

- Remove artifical pay limitations, such as the senior
officer pay ceiling, from the compensation system

- Update special and incentive pays and establish a linkage
between the two and basic pay growth to avoid future losses
of pay value

- Provide travel reimbursements sufficient to fully reimburse
the member for the cost of government directed travel

-Maintain a competitive benefit program to include fully
funded medical and dental care programs for the member and
his or her dependents.

This program, in conjunction with a comprehensive non-pecun-
iary reward system, can be expected to provide the solid underpin-
ning to sustain the defense force of the future.

TABLE 1

MILITARY PAY CASH STRUCTURE

Basic Pay Allowances

- Basic Allowance for Quarters
- Basic Allowance for Subsistence
- Variable Housing Allowance
- Family Separation Allowance
- Overseas Station Allowance

- Housing Allowance
- Cost of Living Allowance

- Clothing Monetary Allowance
- Officer Uniform Allowance
- Personal Money Allowance (Pay grade 0-9 and above)

Special Pay

- Diving Pay
- Continuation Pay for Nuclear Qualified Officers
- Nuclear Career Accession Bonus
- Hostile Fire Pay
- Nuclear Career Annual Incentive Bonus
- Career Sea Pay
- Certain Places Pay
- Special Pay for Medical, Optometry, Dental and Veterinary

Officers
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Special Pay (cont.)

- Special Continuation Pay for Medical and Dental Officers
- Variable Incentive Pay for Medical Officers
- Responsibility Pay (Pay grades 0-4 to 0-6 only)
- Proficiency Pay
- Selective Reenlistment Bonus
- Enlistement Bonus
- Overseas Extention Pay

Incentive Pay

- Aviation Career Incentive Pay
- Hazardous Duty Incentive Pay
- Submarine Duty Incentive Pay
- Parachute Duty Pay
- Flight Deck Duty Pay
- Demolition Duty Pay
- Experimental Stress Duty Pay
- Leprosarium Duty Pay

TABLE 2

Special and Incentive Pay Evaluation
(Selected Examples)

Pay Current Value Year Last Value if
(monthly) changed Adjusted for

Inflation
(Note 1)

Hostile Fire Pay $65 1965 $192

Certain Places Pay $8-22.50 1949 $31-88

Responsibility Pay $50-150 1958 $161-340

Proficiency Pay up to $150 1958 up to $340

Parachute Duty Pay $55-110 1955 $191-383

Flight Deck Pay $55-110 1965 $163-325

Demolition Pay $55-110 1955 $191-383

Experimental Stress Pay $55-110 1957 $182-364

Family Separation $30 1963 $91
*" Allowance

Note 1. Assumes inflation rate of 10% for FY 1981.
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THE NEED FOR A THEORY OF MILITARY COMPENSATION

Peter K. Ogloblin
Assistant Director, Compensation

Office of the Assistant Secretary of Defense (MRML)
Department of Defense

Sumr: The author argues that the lack of a coherent articulated
TEeoyo military compensation has been a major factor in the
failure of past military compensation studies, reviews, and
legislative initiatives. He urges that this intellectual void be
filled as a major priority by the 5th Quadrennial Review of Military
Compensation, and suggests criteria that should be followed in
developing such a theory. The views are the author's own and do not
necessarily represent the position of the Department of Defense.
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THE NEED FOR A THEORY OF MILITARY COMPENSATION

by Peter K. Ogloblin

I. Introduction and Background

For the fifth time since 1965, the Department of Defense is preparing
to conduct a Quadrennial Review of Military Compensation. What is
such a review supposed to achieve? The law enacted in 1965 is quite
explicit on this point. It states:

"Whenever the President considers it appropriate, but in no
event later than January 1, 1967, and not less than once
each four years thereafter, he shall direct a complete
review of the principles and concepts of the
compensation system for members of the uniformed services."
(Italics added.)

Principles and concepts of the military compensation system are
thus what is required to be reviewed. But in what sense, and what is
the President supposed to do with the results, and when? The law
continues:

"Upon completion of such review he shall submit a detailed
report to the Congress summarizing the results of such
review together with any recommendations he may have
proposing changes in the statutory salary system and
other elements of the compensation system provided members
of the uniformed services." (Italics added.)

Thus, the law requires a review of the principles and concepts of the
"statutory salary system and other elements of the compensation
system" of the armed forces. What does this mean? As anyone
marginally familiar with American military compensation knows, there
has never been a "statutory salary system" for enlisted personnel at
all, and an ephemeral quasi-salary system existed for officers only
in the years 1870-1922. Thus, there exists no "statutory salary
system" whose "principles and concepts" must be reviewed. So we must
ask ourselves the question: What did the drafters of this law
intend? Were they, perhaps, hinting that a "statutory salary system"
be established, whose "principles and concepts" could later be
reviewed?

Legislative history provides no evidence to support this contention.
We know who caused the law to be drafted. It was the late L. Mendel
Rivers of South Carolina, then chairman of the House Armed Services
Committee. We also know his intent. What he wanted was to ensure
that military pay levels kept up with the pay levels of the rest
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of American society; for this we wanted annual reports on adequacy of
pay, contained in another section of that law. He wanted as well a
periodic review of the whole structure to see whether it still hung

*. together in a coherent fashion, that no element or group of elements
became unduly distorted, and that the system supported military
operations as they were being changed by the major technological

2 changes in weapons and support systems at the time. These changes
were major: ballistic missiles, nuclear-powered submarines, space
reconnaissance satellites, the electronics revolution, and command
and control systems were all having a direct and disturbing effect on
the armed forces of the time. It was the period of the Cold War and
the early American deployment to Viet Nam. Rivers wanted to ensure
that the military compensation system kept abreast of these changes
and supported adequately the military personnel who would operate in
this technologically changed warfare.

But that is not what his drafters wrote into the law. Their specific
language, which remains when historical memory and the conditions of
the time fade in our minds, has left a legacy of some confusion of
what was intended. In consequence, some still believe that a mili-
tary salary system was the desideratum; others believe that what was
wanted was a grand review of levels of compensation, with the option
of changing selected parts within the basic framework of the existing
system. Nor does the law require the President to submit anything
other than a report to the Congress at some later unspecified date.
So what remains of the "principles and concepts" that were to be
reviewed? The short answer is that they offer a challenge to compen-
sation specialists to rethink some of their basic assumptions. Some
of these assumptions are unspoken, and that is in itself a problem.

In fact, no quadrennial review, nor the various Presidential or
Congressional Commissions that have studied military compensation,
has ever seriously or systematically reviewed the "principles and
concepts" of any kind of military compensation system. What nearly
all of them have attempted, with the one exception of the Second
Quadrennial Review, was to collect and manipulate pay and benefits
statistical data and compare these with the private sector or the
federal Civil Service, usually under the assumption that what either
the private sector or the Civil Service did was what the military
compensation system ought to emulate. In other words, they did not
attempt to rethink the "principles and concepts" of military compen-
sation, but compared pay with pay, and tried to make military compen-
sation be something that it was not. Needless-to say, nearly all of
the results of such reviews had no effect on reality other than to
perturb the morale of military personnel. The recommendation of none
have been enacted, with the sole exception of the Second Quadrennial
Review, which was uniformly successful, the I st major legislative
success by an organized review since the Hook Commission of 1949.
There is a lesson in this history that should be learned by the
decision-makers of the Fifth Quadrennial Review. Some of it lies in
the approach taken by the Second Quadrennial Review.
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II. Compensation Theory: What It is, What Its Effects Are

If one examines the literature on the subject, nowhere will he find
an explicit theory, or doctrine, of military compensation. This is
strange, because nearly every other aspect of military operations has
an explicit doctrine embodied in written form, ususally in a manual
of some kind. For example, the Army's famous Field Manual 100-5,
"Operations", articulates at the highest levels of abstraction the
principles and concepts of ground operations of modern warfare.
Similarly, various support activities have similar statements of
doctrine or principles. If one wishes to analyze or criticize the
principles or concepts of any of these activities, here are
ready-made coherent descriptions at hand.

These documents have real value for purposes far more important than
analysis, however. Their explicit statement of the principles and
concepts of their subject constitutes what is known as "doctrine",
and knowledge of such doctrine saves considerable effort in
communications, since just the communication of a few key phrases
sets in motion an entire chain of other actions that do not have to
be explained individually. In addition, such a doctrine sets
standards for evaluating events and proposed changes. Doctrine
develops over the years into a coherent body of thought that fosters
progress. In this it is analogous to the scientific method on the
one hand or jurisprudence and systematic theology on the other. In
academic areas, such coherence often distinguishes what is called a
"discipline". But, unfortunately, this is precisely what American
military compensation lacks. The consequences of such a deficiency
have been painfully evident in recent decades.

What have been the results of this failure of thought? Here, in my
opinion, are the most important.

o It has prevented the development of military compensation
standards. Lack of standards, in turn, has contributed to the
arbitrary treatment of individual compensation elements, leading to a
severe disparity in compensation levels between military and
civilian sectors, with clearly negative effects on military manning.

o It has contributed in other ways to manning deficiencies,
because neither the Services nor military members can plan ahead with
much assurance of certainty. Such an inability to plan with
assurance is bad for retention of manpower in particular, but it
affects attraction as well.

o The lack of a commonly accepted compensation theory or
doctrine helps produce instability over the years in the military
compensation system, when all, or nearly all, acknowledge that what
is most needed is stability.

1482



o Since the military compensation system is supposed to
support the manpower structure, which in turn is a support system for
military operations, the lack of a coherent body of thought with
built-in standards can allow situations to develop wherein the
individual, atomistic changes perpetrated not only do not support the
manpower system but are often directly contradictory to its
objectives. If this should sound like a bureaucratic complaint,
consider what happens when the manpower system itself fails to
support combat operations, as periodically it did in the Viet Nam
War.

o The lack of a commonly accepted theory or doctrine promotes
the treatment of each compensation item separately and on different
criteria for change, usually those employed being sensitive to the
ephemeral political or economic issues of the moment. This in turn
leads to the politicization of a vital support system of our national
security. Not only is this a malum in se, as the lawyers put it,
but it contributes to further mischief. I am referring specifically
to making military compensation a happy hunting-ground for
economists, statisticians, actuaries, comptrollers, political
scientists, psychologists, sociologists, and others. These are
people who are ususally well-versed in their own academic discipline
but rarely have studied military operations, let alone actually
participated in or experienced them. Their mental framework is that
of their own discipline, whose main orientation is to other,
non-military ends and to whom military matters are but a minor
sub-issue of their broader concerns. Since American senior military
personnel have rarely been articulate enough to counterbalance these
forays--those of the economists have been the most spectacular--they
have been inordinately successful, and this has created confusion
about what are, or what should be, our military compensation
objectives. The harm eventually done to military operations and
confidence has been significant. Let me cite the entire salary/RMC
issue as one example. Its effects on the allowance structure, BAS
and BAQ in particular, have been invariably harmful, until today the
genuine and legal purpose of these allowances has been so dissipated
that it needed complex correctives such as the new VHA (Variable
Housing Allowance). And there have been other undesirable
side-effects.

o The lack of a theory or doctrine of military compensation,
and the undue influence of people imbued with orientations of non-
military disciplines, such as economics most notably, gives a clue
to why most quadrennial reviews have been unsuccessful. I will ad-
vance the thesis that the basic reason is that they have all asked
the wrong questions, and even the most thorough and ingenious answer
to the wrong question is going to be irrelevant and unpersuasive to
the ultimate policy-makers: the President and the Congress.
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III. Present-Day Needs

Obviously the most pressing need today is to remedy the deficiencies
of thought of the past several decades. The consequences of this
intellectual failure have just been noted, for when a confused and
contradictory babble of voices emanates from the Pentagon, higher
decision-makers discount all of them and make their decisions on
other bases: OMB from the point of view of cost-containment,
Congress from that of political pressures. And this has recurred ad
nauseam in recent years. Such history should give a strong message
to the planners of the 5th Quadrennial Review of Military
Compensation. The most elementary and. basic requirement for that
group is to develop, articulate, and get agreement on a theory of
military compensation--of the very "principles and concepts" that the
law requires to be reviewed, albeit under the mistaken notion that
such a coherent body of "principles and concepts" exists. It will
then be possible to review, criticize, and analyze them, but not
until then. One solid, articulate formulation of this kind will
probably be more useful than all the random tinkerings with
individual compensation components or statistical comparisons with
the private sector or the Civil Service put together. After all,
such tinkerings and statistical comparisons have been tried
repeatedly in the past, and repeatedly failed. What has the
President and the Department of Defense to lose by trying another
approach? A repeat of the past is highly likely to result once more
in the effects of the past--failure in terms of legislative
enactment, and the product of thousands of man-hours of dedicated,
and often brilliant, analysis neatly filed on library shelves for the
curiosity of future historians of military compensation.

The Second Quadrennial Review of Military Compensation provides the
one shining exception in the otherwise dismal record of QRMCs. What
did it do that the others did not? I suppose I could note, first of
all, that it was small and confined itself to four manageable special
pay items that could meaningfully be attacked by the staff and be
understood and digested by the Congress, instead of trying to
recreate the entire military compensation universe, but that, I
believe, was not the truly distinguishing feature. The truly
distinguishing feature is to be found, in my opinion, in its approach
and staffing. Let me illustrate with the study of flight pay, which
led to the present-day Aviation Career Incentive Pay after
Congressional action, since I am personally familiar with the
details.

The Flight Pay study started with the precept that flight pay should
contribute to manning the aviation forces by being in consonance with
present-day air operations. For this reason, the staff selected was
not from personnel in the Service compensation or comptroller staffs,
but from the operational air wings or groups directly, preferably
with the most senior officers in terms of actual command in air
combat hours available. Moreover, all such officers had T- 5-e-quali-
iied instructor pilots. The first iteration consisted of an Army
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helicopter pilot with the most command combat time of any Army pilot
in the Viet Nam War, a Navy carrier fighter pilot who not only had
command combat time but was director of carrier air operations as
well, and a veteran SAC bomber commander with more air command time
than any other SAC pilot, and who was in SAC Headquarters at the

.? time. In the second iteration, this group was replaced by an Army
helicopter/fixed wing pilot, a Navy reconnaissance pilot, and an Air
Force fighter pilot fresh out of Viet Nam, and scheduled to return
there after the study was completed

The Services were not pleased to release such officers for a
compensation study, but relented when the need was explained. Only
one member could be considered a compensation staff specialist, and
he was responsible for all compensation history, law, economic
analysis, costs and statistics. Needless to say, none of these
people had a preconceived notion of what flight pay should be, but
all had preliminary ideas. All proved to be wrong, and what emerged
was superior to what anyone had imagined at the start of the effort.
This group made the necessary comparisons with what the "competition"
(airlines, general aviation, and Civil Service) was paying, but these
were not the governing or decisive factors. More importantly
considered were the air tactics involved, lead-time in both personnel
and equipment, experience of allied air forces, and, perhaps most
important of all, what the operational units themselves thought and
the problems the - ty raced. ese could be got wit relative
ease because thmake up or thatstudy's personnel, who could contact

*individual units that they knew, ask questions, and ask for these
units to call us back with their results. All of this paid off
handsomely in terms of the assumptions used in a later econometric
analysis. That analysis proved uncannily accurate for the next two
years' projections, but that accuracy had less to do with the
econometric method employed than with the assumptions that underlay
it. Those assumptions were heavily conditioned by the nature of air
operations of the time, and not by labor economics, a fact that
perhaps was not made clear with sufficient force in the report of the
group. Congress enacted the structure recommended, but at lower pay
rates, in the Aviation Career Incentive Act of 1979 (Public Law
93-294).

Please note the approach used: it was oriented to air operations
first, and to the labor market second. Flight pay was considered as
one piece of a larger military operation, and not as a part of a
text-book problem in labor economics. No other QRMC used this

*O approach before or since. I think it is time to consider this
approach seriously again in formulating and articulating a military
compensation theory, since military compensation is a support system
for the military manpower system, in its turn a support system to
military operations.
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Thus, if the Fifth QRMC develops a military compensation theory, I
think it should observe the following criteria.

(1) It should accept as axiomatic that military compensation
should support a larger military structure in terms of that
military structure, and not in terms of labor economics, or

bine practice, or some other civilian practice.

(2) Military compensation, as a system, must operate equally
well in peace and war. The duties of military personnel, particu-
larly combat duties that are the common responsibility and duty of
all "armed combatants" and that are not found anywhere in civil life,
must be given their just emphasis as the very raison d'etre of the
military as an institution. Parenthetically, I would object to any
military duties being called "jobs", because they are not. A "job"
excludes the combat function altogether, and to call a military duty
a "job" is to create a false and misleading impression of the concept
in the mind of the average reader

(3) The theory underlying basic pay, as opposed to special and
incentive pays, must be articulated, and related to the "compara-
bility" and "competitiveness" arguments. Similarly, the pay and
allowances structure must be functionally described, so that its
differences with the salary system are made explicit, as well as the
reasons for those differences. If possible, criteria for standards
must be developed as well.

(4) The theory of military allowances as reimbursements must be
cogently developed, and standards for allowances established.

(5) Military benefits, particularly in-kind benefits, must be
explained, and their theoretical underpinnings developed and
articulated.

(6) All such standards should work toward making military
compensation adjustments administratively automatic, both in terms of
comparability and competitiveness, rather than requiring individual
positive legislative action for each adjustment, with the consequent
threat of politicization of the process.

(7) Develop enough reasoning and adjustment mechanisms to
promote long-term stability in the military compensation structure.

I am happy to conclude on the note that others involved in the
military compensation process have also recognized this theoretical
void, and we have had some success in bringing it to the attention of
higher political levels. Therefore, we hope that this theoretical
work will actually be undertaken as a basic and important part of the
5th QRMC.
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NONPECUNIARY REWARDS AND MILITARY COMPENSATION

INTRODUCTION

Noncash compensation has long been considered an important
element of the reward system. Marshall, in his Principles of
Economics, recognized the importance of noncash compensation as
early as 1920, when he stated:

The true reward which an occupation offers the
labourer has to be calculated by deducting the money
value of all its disadvantages from that of all its
advantages.

This paper considers selected nonpecuniary factors and their

potential impact on the Department of Defense.

OBJECTIVES

The objectives of this paper are to:

o Identify nonpecuniary factors (NPFs) not typically
considered in the military compensation system

o Present research findings on the impact of selected
NPFs

o Illustrate how the military may approach identifying
and evaluating NPFs to be used in its reward system

DEFINITIONS

To facilitate communication, the following definitions are
used:

0 Cash Benefits: These include basic pay, allowances,
special and incentive pays received by the military
member.

o Noncash Benefits: These are the commonly called
"fringe benefits": goods, services, or deferred money
received by the service member, but paid for (at least
in part) by the government. They include such items
as medical insurance, holidays, paid vacations,
pension plans, sick leave, and death benefits.

o Nonpecuniary Factors: Factors which are not directly
tied to wage and benefit packages but may be consid-
ered as part of a job's "compensation package." Some
can be physically identified and impose clear-cut
costs on the defense budget (e.g., health and safety
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of the work place). Other job-related factors are
difficult to measure quantitatively and to evaluate
and may or may not impose clear-cut costs (e.g., the
effects of training on promotion and job security).
Still others fall into more subjective categories
which involve the measurement of attitudes and per-
ceptions regarding work, a particular organizational
setting, and the desirability of certain kinds of
work. (Pay Comparability in the 1960s and 1970s, 0.
J. Harrison, General Research Corporation, June 1979).*

BACKGROUND

The major research in NPFs has been conducted by psychol-
ogists, sociologists, and management on work-related attitudes
of the American worker. Much of the research deals with
morale, job satisfaction and dissatisfaction and motivation.
This paper considers these items as well as NPF's impact on
productivity.

Studies related to these areas originated in the early
1900's. The Hawthorne studies in 1924 were designed with a
productivity measurement in mind but also had a by-product of
identifying factors affecting job satisfaction. In 1935,
Happock conducted a community survey of working adults on job
satisfaction. In the 1950's, two widely referenced studies
were conducted; one by the National Industrial Conference Board
(NICB) and one by General Motors Corporation (GMC). The former
study required respondents to identify important job-related
morale factors. The latter study provided an opportunity for
employees to project their attitudes with respect to their jobs

* NOTE: This paper draws heavily from research conducted by my
deputy department director when I was employed by
General Research Corporation.
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and the work environment. These surveys demonstrated the
importance of noncash factors in motivation. In fact a sig-
nificant finding in industrial psychology research is that
nonfinancial incentives play a tremendous role in satisfying
workers' needs and wants. "There seems no question that,
particularly as wages rise above the subsistence level and
standards of living are raised, other needs and wants,
satisfied by plant conditions other than pay, attain higher
levels of prepotency.l

A literature search showing the development of NPF's from
1940 to the present is presented in Table 1. One striking
feature of the table is the substantial growth of such factors
with the passage of time. Another indication of the growing
importance of these factors is found in the 1980 American
Compensation Association Regional Conference Proceedings.
Approximately 50% of the papers address benefits in some manner
with considerable emphasis on NPFs.

STATE-OF-THE-ART

We know that different NPF's have varying appeal to differ-
ent categories of employees. This is clearly illustrated in a
Conference Board study, Factors Affecting Employee Morale, S.
Avery Raube. The purpose of this study was to determine
directly from the employees what they thought was important
relative to what management and labor leaders thought employees
felt was important. Five manufacturing companies and one
printing publishing company participated on the survey. As
might be expected responses varied by employee category:

- Clerical/nonclerical
- Male/female
- Length of employment
- Age

For example clerical workers place opportunity for advance-
ment first in the five most important job morale factors while
nonclerical workers placed job security first and opportunity
for advancement fourth. Such differences in prioritizing job
morale factors were exhibited by other demographic groups.
Even though this study was conducted in the mid-1940's,
research today continues in identifying relative NPF value by
employee category.

Another study, Productivity Improvement Through Incentive
Management (1979), B. I. Spector and J. J. Hayes, supports not
only the preceding findings but also varying effectiveness of

'Morris S. Viteles, Motivation and Morale in Industry,
W.W. Norton and Co., Inc., New York, 1953, p. 385.
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incentives by organizational type (e.g., military, educational,
manufacturing), task type (e.g., production, clerical, train-
ing), and worker type (e.g., blue collar, white collar,
uniformed).

The study was conducted at Red River Army Depot and focused
on three main objectives:

o To articulate productivity improvements made in the
depot system,

o To determine the effects of factors that decrease
productivity, and

o To develop techniques to improve productivity and Army
readiness in the future.

The study has some interesting findings even though the
sample size is relatively small (N=54).

Selected findings include:

o Blue collar workers are motivated to significantly
higher performance levels by recognition, privileges,
and by disciplinary action.

o In training tasks, variable bonuses are most effective
in assuring high quality.

o When tasks are inherently interesting, variable
bonuses yield significantly more effective qualitative
results. With boring tasks, however, workers are
stimulated by cash-noncash mixes and by recognition or
privileges.2

The study conclusion states "the results of this research
effort confirm that incentive management techniques constitute
a sound and effective methodology for improving productivity
(both qualitative and quantitative)* through workforce
motivation. However, different incentive strategies should be
chosen for optimal effectiveness depending on the varied
contingencies of the particular work situation."2

2Bertram J. Spector and John J. Hayes, Productivity
Improvement Through Incentive Management, Cybernetics Tech-
nology Office, Defense Advanced Research Projects Agency,
September 1979.
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Military Compensation

The military currently has a number of noncash benefits
such as:

Recreation facilities
Commissary stores
Military exchanges
Mortgage insurance premium
Annual leave; accrued leave
Medical care, members, dependents & retired members
Government contribution to Social Security
Tuition Aid
Retired Pay, nondisability and death gratuity, disability

dependency and indemnity compensation
Severance pay, nondisability and disability
Survivor benefit plan
Servicemen's group life insurance
Professional and educational training
Voluntary education and training
Home owners assistance program
Veterans benefits

These benefits are in addition to over 20 different special
and incentive pays (e.g., diving duty pay), nine allowances
(e.g., family separation allowance) and several reserve
component pays (e.g., drill pay).

*Insert mine.

I

~1492

- --'. .% -- . - - - - -



The questions that are raised based on cash and noncash
compensation research to data are:

o Are these military rewards being expended most
effectively by typical military members (e.g., rank,
rate, MOS, length of service)?

o Could alternative rewards, or reward combinations, be
identified that would be more effective?

o How does the existing reward system impact
productivity, readiness, manning?

These issues are of substantial importance since the
rewards perceived as important by one group (e.g., economist,
enlisted member, officer, force manager) may be different from
those perceived as important by another group.

Relative NPF Importance

The perceived relative importance of various NPFs is
clearly illustrated in the previously cited study by the
National Industrial Conference Board. The research findings
differed substantially by respondent category when defining the
relative importance of nonpecuniary job factors. This is
illustrated in the following Table.

Both labor leaders' and management's predictions of
important job factors to employees differed from those actually
identified by the employees.

149
41493



TABLE 2
IMPORTANT JOB FACTORS

(rank ordered)

Labor Leaders'
Executives' Preditions Predictions of

Employee Selection of Employee Selections Employee Selections

job security compensation compensation

opportunity for job security job security
advancement

compensation vacation & holiday total hours worked
per day, per week

financial benefits opportunity for labor unions
(i.e., insurance) advancement

informing you of physical working
your job status conditions

In addition to rank ordering the relative value of NPFs,
several attempts have been made to assign a monetary value to
NPFs.

Monetary Quantification of NPF's

The monetary quantification of NPFs has considerable appeal
to the budget watchdogs. A satisfactory system of monetizing
could not only permit effective rank ordering of NPFs, but also
result in fiscal savings as well as increased morale, produc-
tivity and readiness. Several studies have been conducted in
this area. Selected ones are summarized briefly below:

0 Quantifying Nonpecuniary Returns, L. F. Dunn, 1977;
interviewed workers were asked to give quantitative
evaluations of certain NPF returns on the dimensions
of money and time. Textile workers were asked how
much they would pay for a benefit and how much longer
they would work without extra pay for the benefit.

0 Dollarizing Attitudes, Meyers and Flowers, 1974; a
formula was applied to the results of an employee
attitude survey to convert attitude scores into
financial returns on payroll investment expressed as
gain, break even, or loss. This attempted to add
human variables to fiscal variables such as return on
investment and earnings per share.
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O Pay and Benefit Preference, S. M. Nealey; a game board
method was used to determine how an employee would
apportion a fixed dollar amount between pay and
benefits.

o Monetizing Nonpecuniary Factors for Consideration in
the Pay Comparability Process, 0. J. Harrison, L. D.
Pappas, et al., 1980; data from company records, ob-
servation in the work place, and interviews were run
through a multivariate regression and dollar values
were identified for selected NPFs.

While no one study has established a precise way to mone-
tize NPFs, initial steps have been taken and hold promise for
more precise evaluation in the future. This research area is
worthy of pursuit in the face of tighter budgets and fiscal
restraint.

A. POTENTIAL APPROACH

To determine the importance of NPFs to the military member,
further research should be performed. One potential approach
is presented here:

o Conduct a survey. The survey 3 should be designed to
elicit views of the employees and, where appropriate,
their families in such areas as:

- The comparative importance of various NPFs

The NPFs most desired

Willingness to contribute toward the additional
cost involved in new or improved benefits

3W.L. White and J.W. Becker, Personnel, "Increasing the
Motivation Impact of Employee Benefits, June-February, 1980.
(Adapted from this work.)
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Clarity of the benefit program, both fringes and

NPFs

- Administrative efficiency

Preferences concerning the relative proportion of
direct compensation, fringe benefits, and NPFs

The survey should be repeated periodically to assess
the changing views and needs of the service members
and the effectiveness of any previous changes in
benefits or in administering or communicating the
program. This information would help force managers
to reestablish benefit objectives or exchange existing
benefits for those more in line with defined objec-
tives.

o Use of the survey results. Analysis of attitudinal
survey results can yield valuable information for the
compensation planner -- for example:

A numerical ranking of the relative importance of
each benefit to service personnel as a group and
a similar ranking for individual communities
within the military.

Identification of the benefits that are most in
need of improvement, in order of priority.

Identification of the new benefits most valued by
the member, in order of merit.

Exposure of deficiencies in benefits design and
in administration.

Cost-effective allocation of contributions
through the determination of highly valued
low-cost benefits and lesser valued high-cost
benefits.

Knowledge of whether service personnel would
prefer a change in the relative proportions of
direct compensation and benefits and, if so, in
what direction and to what extent.

This approach is readily doable and could yield useful com-
pensation management information that could result in reduced
monetary costs and increased force management efficiency and
improved morale.
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PANEL: Women in the Military

:inzer, Nora Scott, Industrial College of the Armed Forces, Washington,

DC (Chair); Forestell, Diane G., LT, Canadian Forces Personnel Applied

Research Unit, Willowdale, Ontario; Segal, David R., University of

Maryland, College Park, Maryland; Segal, Mady Wechsler, University of

Maryland, College Park, Maryland & Walter Reed Army Institute of

Research, Washington, DC; Simpson, Suzanne P., CPT, Colts Neck, New

Jerseys and Edwards, Henry, University of Ottawa! Ottawa, Ontario, Canada.

This panel presents and discusses three papers dealing with the issue of

women in the military. Lt. D. G. Forestell, Canadian Forces Personnel Applied

Research Unit, discusses women's participation in the Canadian Military during
World War II, focussing on ambivalence and role conflict in those years.
Another Canadian paper by Captain Suzanne P. Simpson evaluates sex differences
in the performance appraisals given to noncommissioned men and women in the
Canadian forces in relation to supervisors' Attitude Towards Women Scale. Socio-
psychological variables were used to explain differences in results. A far-

reaching paper by Drs. Mady and David Segal looks at the increasing participation
of women in the U.S. Armed Forces during the past ten years within the context
of three factors--the changing nature of the military institution, demographic

changes, and attitudinal changes towards women's role within U.S. society

as a whole. All three papers provide new dimensions to the study of women's roles
in the military and society.
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THE VICTORIAN LEGACY
A SOCIAL HISTORICAL ANALYSIS OF

ATTITUDES TOWARD WOMEN IN THE CANADIAN FORCES

Lieutenant Diane G. Forestell
Canadian Forces Personnel Applied Research Unit

9 Toronto, Ontario

The Canadian Forces are currently conducting a five-year evaluation to

assess the impact on unit operational effectiveness of integrating women into
near-combat environments. One issue that has emerged during the first year of
the evaluation is the circulation of rumours regarding the servicewomen who

have volunteered to participate in the five-year programme.

3- Rumours regarding illegitimate pregnancy, sexual deviance and
misbehaviour continue to circulate about servicewomen serving in near-combat

roles at Canadian Forces Europe, CFS Alert and aboard the diving tender,
*" HMCS Cormorant. The US military, embarked on a similar course of integrating

women into non-traditional military roles, has deaiL with similar rumours

regarding sexual harrassment, sexual deviance, etc., among female personnel -
e.g., last year's much publicized investigation of lesbianism aboard USS
Norton Sound. 1

While a disturbing phenomenon, historical evidence indicates that it is

neither new nor unique to the military. Historically, women who have sought
admission to male-dominated professions/institutions, be it the military, the
medical or legal professions, or professional sports, have been the objects of

rumours which have attacked their femininity and sexual behaviour.

.) This paper presents a research proposal for social-historical analysis

of women's military participation in Canada during WWII. Women serving in the
corps of the armed forces during this period were the objects of a "whispering

campaign" which focussed on alleged promiscuity among servicewomen. The

research will attempt to examine the "factual basis" for the widespread
perception that women in uniform were "loose women". The reasons advanced for
the apparent fall of servicewomen into promiscuity will be analyzed in terms

of the prevailing cultural ideology whlch was based on middle-class Victorian
definitions of women's "proper sphere" and perceptions of "femininity". It is

suggested that explanation based on these notions does not adequately explain
societal opposition to women's military participation. Rather, it is

suggested that prevailing middle-class Victorian values and attitudes served
to reinforce the status quo of the dominant political ideology. The relevance

of such research for our understanding of current attempts to integrate women
into non-traditional military roles will be addressed.

Common to historical accounts of women's admission to the medical and

legal professions and the Canadian armed forces during WWII, are the
predominance of middle-class Victorian definitions of the "proper sphere" of
women and perceptions of "femininity". The Victorian definition of the

"proper sphere" of women was based on "the fact that in the economy of nature

or rather in the design of God, woman is the complement of man".2 The

"feminine" nature of woman, characterized by purity, delicacy and 6entleness,
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etc. could only find its full expression "at home amia the quiet and the
peace, and the purity and the love of which she is alike the source and the

receipient".3 Thus, it was only "at home anu in iLS co-relative situations

that man finds woman to be his complement". 4 As a 19th century treatise on

the subject of women's military suffrage asserts: "In the (military) camp she
must either be the subordinate or the supervisor or the equal of man: she

cannot be his complement". 5 Within this context, women's admission to

institutes of higher education and military service was seen as antithetical

to women's "feminine" nature which found its full expression only within their

circumscribed sphere of activity, i.e. their role as wife, mother, and

homemaker. Women's admission to these male bastions would result in a loss

of their femininity with its attendant emphasis on "purity" and, consequently,

their (sexual) re.pectability.

Women's military participation was seen as an attempt to "unsex women" -

e.g., "Some Roman ladies, in the corrupt days of the empire, having exhausteu

ordinary means of excitement, were seized with the lust of unsexing themselves
and trained as gladiators ... nothing resulted but depravation'"6 . Female

soldiers were thus to be seen as "an outrageous anomoly in the body

politic". 7 The term "unsex", used at that time, referred to a loss of
femininity rather than to sexuality, i.e., to the loss of the proper dress,
decorum and etiquette associated with middle-class Victorian perceptions of

"femininity". Thus, by definition, women who attempted to gain admittance to

these male bastions were "unfeminine", i.e. "unladylike" and amid the

prevailing morality of a sexual double standard, promiscuous and immoral.

In her article "Ladies or Loose Women: The Canadian Women's Army Corps

in World War II", Dr. Ruth Pierson argues that the ambivalence of Canadian

society to women's admission to the armed forces was grounded on Victorian

perceptions of "feminine respectability" .8 Paramoun, among societal

concerns regarding women in uniform were fears of "loss of femininity" and

(sexual) respectability. Both a general public opinion survey and a CWAC

survey conducted in 1943 confirmed that suspicion existed in the public mind
that joining the forces would embark a young woman on a life of

promiscuity. 9 Service in the armed forces was seen as "an unladylike

occupation" in which the young women would lose her "self-respect". The CWAC

report explicitly stated that "the general public felt that young women

avoided enrolling in the women's services because of the fear of association

with women of poor moral standards".0

Women who did serve in the corps of the Canadian armed forces were the

objects of a "whispering campaign" of "malicious rumours and gossip
'"il

designed to discredit them on moral grounds. This "whispering campaign" was a

source of concern for recruiters who were concerned with the adverse effect of

the rumours on enlistment and morale. While some evidence suggests that there

was some factual basis for what recruiting officers dismissed as "baseless

gossip", it cannot account for the widespread perceptions among servicemen and

the civilian populace that women in uniform were "loose women".
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By the spring of 1942, pregnancy in unmarried servicewomen and venereal

disease were viewed as a serious problem of medical treatment, welfare and
"wastage" of armed forces female personnel. 1 2 Calculated at 32.1 per

thousand unmarried women in the CWAC per year on the basis of figures for I

Jan 1943 through 30 April 1943, illegitimate pregnancy had risen to 33 per

thousand per annum by July of that year. At the enu of 1944, it was reported
that "the incidence of illegitimate pregnancies has remained consistent at

approximately 35 per thousand strength per annum" for the past two years. 1 3

An examination of Dominion Bureau of Statistics Canada Year Book, however,

indicates that illegitimate births ranged from 3.96% to 4.05% between 1941 and

1943, i.e., 39.6 to 40.5 per thousand for the same period.I> One study of

95 women discharged from the CWAC for illegitimate pregnancy between I Jan and

31 May 1943 disclosed that 31.5% had been pregnant prior to enlistment.
1 5

While it is impossible to make direct comparisons of illegitimate pregnancy

rates between servicewomen and civilian females, the available data suggest
that the incidence of illegitimate pregnancy was not significantly higher

among servicewomen than among the female population as a whole. It should be

*noted that the steady increase of illegitimate birLhs in the civilian populace
- over the period 1941-43 was, in some measure, due to the more complete

registration of children born out of lawful wedlock. Within the women's
services, the high rate of illegitimate pregnancies recorded may have been
more a reflection of reporting than a reflection of the "promiscuity" of

servicewomen per se.

Similarily, it is impossible to ascertain if the incidence of venereal

disease among servicewomen was significantly higher than among civilian

females. Attempts to make inferences or draw conclusions on the sketchy data

available or to examine servicewomen in isolation may result in distortion and
misinterpretation of the extent of the problem among servicewomen.

The fact that "although the incidence of VD among male soldiers was

higher than that among members of the CWAC*, and although in one study

servicemen comprised 86.3% of the putative fathers named by CWACs discharged
for illegitimate pregnancy"1 6 armed forces male personnel were not the

objects of a similar "whispering campaign" to discredit them on moral

grounds. This is not only indicative of the sexual double standard of

morality which prevailed at the time, but also reflects military

socialization's emphasis on "masculinity". The common link between VD and

"paternity" among soldiers is "sexual competence", an essential element of the
military socialization in "masculinity".

1

One explanation offered for the apparent fall of CWAC women into
"promiscuity" was to be found in the policy of "mass recruiting" and the
consequent "influx of undesirable types" into the CWAC. According to this

argument there was a correlation between low levei ui euucation, skill and

* The fact that the physical effects of VD infection are more immediately

apparent to males than females may account, in part, for the higher incidence
of VD reported among male soldiers than among servicewomen.
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intelligence, and a high incidence of venereal disease and illegitimate
pregnancy.1 8 However, the statistical evidence to support this contention
could hardly be adduced as incontrovertible.1 9 Moreover, there was evidence
which pointed away from that conclusion. The "seielLive recruiting"
introduced in February 1944, i.e., "discrimination at the recruitment level

- between low calibre, poor character women and women [who] have good character,
trades experience or trainable qualities" 20 had no effect on reducing the

*- incidence of illegitimate pregnancy or venereal disease.

Other explanations for the high rate of illegitimate pregnancy and
venereal disease focussed on the incompatibility of the regimentation and
uniformity of the masculine armed forces with "femininity". Such
incompatibility led to the lowered morale of servicewomen and consequent
liaisons which risked their respectability. As ludicrous as such explanation
may seem, it constituted the basis for a policy/promotional campaign which
emphasized that women in the services were "different" and that they should
"remain women first and soldiers second".21 In order to provide "an outlet
for their feminine characteristics" and consequently raise morale and lower
the illegitimate pregnancy and VD rates, it was recommended that the "minor

S. appurtenances women usually surround themselves with" be introduced into
- servicewomen's barracks and recreation rooms to provide a "more home-like
*-.' atmosphere" .22

The reaction of servicemen during WWII to Canadian women donning the
* uniform was little different from that of male medical students at the turn of

" the century in both Britain and Canada to women's admission to medical
school. Servicemen's salacious jibes at servicewomen, as well as jokes and

": lewd stories at the expense of the moral character of women in uniform were an
expression of their opposition to women's admission to the military. In 1943,
a directive from Ottawa advised all commanding officers to inform "their
Officers and Men that any word or action on their part that might be found to
reflect upon the character of girls in uniform will be punishable".2 3

One reason for the vehemence with which servicemen opposed the
admission of women into the military was that it was "another male job on
which women have encroached. ' 24 The opposition of servicemen in the 1940s
echos the dominant ideology of the Victorian era which stressed that women
were to complement men, not compete with them. The similarities to the
contemporary situation are obvious, both within the Canadian and US contexts.
The verbal and physical harrassment of women in near-combat environments in
today's Canadian Armed Forces, reflects, in part, servicemen's opposition to

* women "doing a man's job". While servicemen readily concede that women are
"capable" of doing the job, employment in these non-traditional roles (the
last bastions of male exclusiveness in the military) is seen as antithetical
to notions of "femininity". Additionally, the influx of women into the
military, both in the historical and contemporary contexts, challenges
military socialization's emphasis on "masculinity". The military,
historically, has operationalized an ideal of masculinity through instrumental
archtypes, i.e., the male archtype, the female archtype. Not surprisingly,
the female archtype is based on Victorian perceptions of "femininity" and the
distinction between "goou" and "bad" women.
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The question arises as to whether explanation in terms of prevailing
middle-class Victorian perceptions of femininity, women's "proper sphere" and
the "masculine mystique" of the military provides an adequate understanding of
male reaction both in the historical and contemporary contexts.

It is suggested that a more fundamental ideological issue which
focusses on Western democratic societies' conceptions of citizenship is
operative here. The importance of the definition of "citizenship" is
particularly relevant to both historical and contemporary analyses of women's
participation in the military (i.e., women's right to bear arms). The
relationship between military institutions and citizenship has been examined
by Janowitz 25 , Segal2 6 , etc. As Janowitz notes, "Military service in
Western societies emerged as a hallmark of citizenship and citizenship as the
hallmark of a political democracy".

2 7

An 1872 treatise on the "military objection to female suffrage" stated
explicitly: "...it remains true that if the defence of a country is an
essential part of a citizen's duty, men alone can be full citizens'28 .
Evidence from the "persons" cases in Great Britain, suggests that the
exclusion of women historically from public activities, including the right to
vote, to be admitted to the bar, to hold property, etc., was based on the

29Saxonian proscription that confined councils to those who "bore arms'.
The exclusion of women from male--_iclusive professions and/or institutions was
based on legal definitions of "persons" (in Great Britain) and "citizens" (in
the US). Implicit in the generic term "persons" and the word "citizens" was
the assumption that "persons"/"citizens" were male. Thus, by definition,
women were "non-persons"/"non-citizens' and hence, by fiat, not eligible for
inclusion in these areas.

Amid prevailing Victorian definitions of the "proper sphere" of women
and perceptions of femininity, attempts to exclude women from institutions of
higher education and from political participation were based on a view that
women were to be shielded "from the harsh vicissitudes of public life". The
exclusion of women from public life was to be seen as an "exemption" flowing
from respect for the "admirable attributes of her sex, namely her gentleness,
affection and domesticity". Thus, the exclusion of women from public office
was to be seen as an "exemption founded upon motives of decorum, and to be
regarded as a privilege rather than a disability".30 To admit women into
the military during WWII and, in the contrmporary context, to admit then to
military combat-support roles, is to recognize full equality of citizenship by
extending to women the right to bear arms. Evidence presented by Segal on the
relationship between the concept of citizenship anu dttitudes toward women in
conmbat indicates widespread societal disapproval for extending "military
suffrage" to women. Segal hypothesizes that contemporary opposition to women
in combat, and thereby extending their citizen participation, is a defence of
the status quo.31 It is suggested that the dominant cultural ideology of
Western societies based on middle-class Victorian perceptions of women's
proper sphere" and the "masculine mystique" of the military has served to
reinforce the status quo which denies full citizenship participation to women.

1503



The proposed research will attempt to answer two fundamental

questions. First, was there a "factual basis" for t-ne "whispering campaign"

against women serving in the women's corps during WWII? Social historical
analyses, based on an examination of the personnel files of servicewomen from

1941-46 will enable us to determine the extent of the problem of illegitimate
pregnancy and VD and to ascertain if indeed there was a relationship beLween

level of education, etc. and illegitimate pregnancy and VD rates. If

examination of this data indicates that there was little or no factual basis
for the imputation of low moral character to women serving in the women's

corps (and certainly, evidence exists which suggests that such imputation was

unwarranted) it then remains to examine the reporting of the "malicious

rumours and gossip". Newspaper articles dealing with the women's services
will be analyzed to determine how women's participation in the military was

viewed by the media. The analyses of these data will be interpreted within

the context of the prevailing cultural and political ideologies.

The second question concerns what implications such research may have

for our understanding of current attempts to integrate women into

non-traditonal roles in the militaries of Western democratic societie.. The

prevalence of rumours regarding women in near-combat environments today may be

dysfunctional for current attempts to recruit women to meet the manning

requirements of the Canadian Armed Forces. This suggests that at a time when

the CF, as well as the all-volunteer forces of other Western democratic

societies, are concerned with the maximum utilization of manpower, the
Victorian legacy may mitigate against the effective utilization of a

substantial segment of available resources. Moreover, it suggests that the

success of equal opportunity programmes may be not so much a matter of

"military suffrage" as a matter of restructuring attitudes and values within

the more traditional elements of the military enviroLment Lo provide for a

more functional perception of the role of women in the socio-political process

in Western democratic societies.
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\ :SOCIAL CHANGE AND THE PARTICIPATION OF WOMEN IN THE AMERICAN MILITARY

Mady Wechsler Segal and David R. Segal
Walter Reed Army Institute of Research University of Maryland

*This is an abridged version of a paper to be published in Louis
Kriesberg, ed., Research in Social Movements, Conflicts, and
hane , 1l.5. Greenwich: JAI Press, forthcoming.

SUMMARY. 'The representation of women in the United States armed

forces has increased from less than 2 percent of the force in

1971 to approximately 8 percent in 1981. Early in the Carter
administration, it had been projected to reach 12 percent by the

* mid-1980s. However, opposition to this goal within the defense
establishment became apparent in the late 1970s, and decisions
were made during the first year of the Reagan administration to
postpone further increases until the impact of greater
representation of females among our military personnel could be
more systematically assessed. It is our thesis that policies
regarding the utilization of women in the American armed forces
have resulted primarily from technological, demographic, and
gender role changes.
INTRODUCTION

The first set of factors affecting the increased utilization
of women reflects changes in the nature of the military
institution. These include changes in military technology that
make warfare more capital intensive and permit a reduction in the
size of basic weapon systems, a change in the definition of
military mission that has deemphasized the concept of wartime
mobilization and emphasized in its place the existence of a force
in being to fulfill deterrence and constabulary functions even in
peacetime, and a change in our philosophy of military manpower
management related to the conversion from a military force based

_ upon a mixture of conscription and voluntarism to an
all-volunteer armed force.

The second set of factors is demographic, and reflects the
bursting of the baby boom bubble in the late 1950s. The birth

dearth of the 1960s, responsive in part to ecological concerns
N. regarding population growth, will yield increasingly small

: I cohorts of young men of traditional age-eligibility for military
service. If we assume a force-in-being of constant or increasing
size, means must be found to expand the pool of people available
for military service.

i The third set of factors reflects changing roles of women in
the United States, including increased participation in the labor
force, and broader citizenship participation generally. As
military service in the United States has come to be increasingly

* .€ defined as simply another form of employment in the era of the
all-volunteer force, increased representation of women in the
military can be seen as an outgrowth of their greater labor force
participation. Beyond this, given the traditional association of
the "right to fight" with other kinds of citizenship rights and
obligations, the increased utilization of women in the military
can be seen as a demand for, and manifestation of, advances made
in the ongoing citizenship revolution. Fluctuations in policies
regarding the utilization of women in the military can likewise
be seen as a lack of national consensus on the extension of full
citizenship to women. This lack is reflected as well in the

1507



" failure to ratify the Equal Rights Amendment.
* THE CHANGING NATURE OF MILITARY ORGANIZATION

The military institution has changed historically, both as a
function of general technological development, and as a function
of changing technologies of warfare in particular. Although
conflict between political units has been an ever present

r* characteristic of human society (Andreski 1968), the emergence of
large standing armed forces, as opposed to armies composed of

* agricultural workers mobilized to fight wars when they were not

engaged in harvesting or sowing, was dependent on the ability of
a social unit to produce the economic resources necessary to
maintain large numbers of people outside the domestic productive

* economy. In the pre-industrial world, this economic base was
provided by the armed force itself, through conquest and
expansion.

Modern economic systems, by contrast, are able to produce a
sufficient surplus to maintain professional soldiers even when
they are not engaged in imperial conquest. The return to such an
investment of societal resources is low, however, relative to

other potential uses. Thus, at least through the first part of
the twentieth century, the industrial nations of the West

utilized a mobilization model of military manpower, maintaining
relatively small nuclei of military organizations in peacetime,

and expanding the force in times of conflict by taking large
numbers of people out of civilian roles, and making soldiers of
them. This was ac.omplished largely through conscription.

The mobilization model assumed that in the event of war, the
states involved would have time to raise, train, and field their
fighting forces, and that the peacetime nucleus could fill the

organizational and training functions, as well as necessary
defensive functions, until the newly mobilized force was ready to
take the field. Technological changes in the mid-twentieth
century, however, deprived nations of the luxuries of time and

distance from the battlefield that the mobilization model

assumed.
DEFINITION OF MILITARY MISSION

The increasing power of military technology, and the waning

of the era of military imperialism in the West, made the
mobilization model increasingly inappropriate. Not only did
nations find themselves deprived of the lead time required for
mobilization for large-scale wars, but as it became obvious that
in a confrontation between major powers, victory would be
Pyrrhic, the military mission came increasingly to be defined in
terms of constabulary, or peacekeeping, rather than war-fighting
operations (e.g., Janowitz, 1960: 418-441; Janowitz, 1974:
471-508; Moskos, 1976). The distinction between peacetime and
wartime became less relevant for military organization, and the
need to maintain a large standing force became obvious, as the
deterrence concept, and the need to respond rapidly should
deterrence fail, assumed primacy. The mass force, based upon the
mobilization model, declined after World War II. Wtith the
emergence of a "new long term trend.. .toward smaller, fully
professional, and more fully alerted and self-contained military

forces; the direction was away from a mobilizaticn force to a
military force 'in being'" (Janowitz, 1975: 121).
TOOLS OF fMANPOWER MANAGEMENT

The basis of the mobilization model is the process of

conscription, which brings people into the armed forces not with

the intention of making career soldiers of them, but rather as
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exacting a citizenship obligation in support of national
security, which is assumed to be a public good. The process of
conscription has appeared most legitimate in wartime, in the face
of an apparent threat to national security. However, as the
military mission has deemphasized war-fighting and stressed
instead deterrence and constabulary operations, the external
threat has been less apparent, the military mission more
ambiguous, and the conscription process more difficult to
justify. Indeedp Van Doomn (1975) and others have noted a

general trend away from military conscription in the
industrialized nations of the West, as an element of the decline
of the mass army. The transition from a force combining
conscription with voluntarism (some of which voluntarism was
conscription-motivated) to an all-volunteer force (which some
have characterized as a system of economic conscription) occurred
in the United States in 1973.

The change from conscription to an all-volunteer force was
part of a broader redefinition of the nature of military service
in America. In a presentation focusing on enlisted personnel, at
the 1973 meetings of the American Sociological Association,
Charles Moskos noted, almost in passing, an "organizational shift
from a predominantly institutional format (i.e., legitimized by
normative values) to one more resembling that of an occupation
(i.e., akin to civilian marketplace standards)" (Moskos, 1973).
Policymakers in the United States have been greatly influenced by
Moskos' conceptualization, and behave as though a choice must be
made between these definitions. At least as far as the
recruitment of personnel is concerned, they have emphasized the
similarities between military service and civilian employment.
Econometric assumptions of military service made by President
Nixon's Commission on an All-Volunteer Force (1970), and by
military recruiting strategies that have tried to compete with
civilian employers for high quality personnel, have emphasized
the least traditionally military characteristics of service, and
have emphasized pecuniary rewards and skill training, rather than
symbolic and solidary incentives. This has brought into the
armed services young people who in fact think of their service as
a job, and tend not to think of war-fighting as a part of that
job (Gottlieb, 1980). The progressive redefinition of military
service in terms of civilian labor force processes, coupled with
an emphasis on affirmative action employment programs within the
entire federal government structure, in turn, had implications
for the perceptions by groups discriminated against in the
private sector of the civilian labor force, notably racial and
ethnic minorities and women, regarding employment opportunities
in the military.
THE CHANGING DEMOGRAPHIC CONTEXT

The changes in the nature of military organization, military
mission, and, perhaps most importantly, military manpower
policies, that we have discussed above, have taken place in the
context of fluctuating demographic patterns. Indeed, it is
possible that the very size of the post World War II baby boom
cohorts, leading to a very small percentage of those liable to
conscription in fact being drafted, contributed materially to the
perceived inequity of the draft, and to its eventual demise.

Prior to World War II, the birth rates in most industrial
nations of the West reached their nadirs, during the depression
of the 1930s. However, they rose during the 1940s and 1950s, and
indeed, while they declined again starting in the late 1950s,
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* they remained above the depression level until the early 1970s.
The average number of births per woman in the United States had
fallen to about 2.2 during the depression. It reached a zenith

. of 3.3 in the late 1950s, and subsequently has returned to the
lower level.

The growth of the population during the 1940s and 1950s,
influenced both by high birth rates and by large numbers of young
women, is the period referred to as the "baby boom," and produced
the cohorts that were to come of military age eligibility between
the late 1950s and the late 1970s, during most of which time the
United States had a system of military conscription.

The fertility decline since the late 1950s reflected the
fact that people delayed their marriages longer than they had in
the 1940s and early 1950s. In addition, they delayed the births
of their first children longer, and spaced their children more

*widely. In part, this reflects the widespread adoption of new
and more effective methods of contraception in the 1960s and
1970s, allowing parents to exert some choice in family size.

Declining fertility has implications for military personnel
policy. The number of 18-21 year old males in the American
population peaked in 1978. This is the last baby boom group.
The decline from 1978 to 1982 has been modest: less than 1
percent per year. The major effect of the birth dearth of the
1960s will be observed between 1983 and 1987, when the decline in
cohort size will increase to 2.5 percent per year. By 1990, the
number of 17-21 year old American males will be 17 percent below
the 1978 level of 10,800,000 young men.
THE CITIZENSHIP REVOLUTION

Changes in the roles of women in the armed forces, and in the
labor force more generally, can be seen as a reflection of an
ongoing transformation of Western societies, which "have steadily
moved to a condition in which the rights of citizenship are
universal" (Bendix, 1964: 3). Marshall (1950) has noted the
importance of military service as an obligation of citizenship,
and Janowitz has analyzed the central role played by military
institutions in the evolution of parliamentary democracy, and of
military service as a component of citizenship. "From World War
I onward, citizen military service had been seen as a device by
which excluded segments of society could achieve political
legitimacy and rights" (Janowitz, 1975: 77-78).

In twentieth-century America, this relationship between
military service and citizenship has been most dramatic with
regard to the racial integration of ,he armed forces. Through
the World War II period, the incorporation of blacks into the
civilian citizenry was only minimally effective, and blacks in
the military served in segregated units, under a quota, for the
most part limited to non-combat jobs, and with an infinitesimally
small likelihood of being cummissioned as an officer. It was not
until 1950, under the direction of President Truman's 1948
executive order to desegregate the armed forces, and most
importantly the manpower requirements of the Korean War, that
segregation, the quota, and the combat exclusion truly
disappeared. The racial integration of the armed forces during
the Korean War preceded the gains achieved by the civil rights
movement toward racial integration and equality in American
civilian institutions. The integration of blacks into the armed
forces anticipated the issues raised with regard to integrating
women by three decades (Segal, Kinzer and Woelfel, 1977).

The relationship between military service and political
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citizenship was more recently demonstrated in the case of young
adults. One of the themes of the movement against the Vietnam

War was that young men between the ages of eighteen and

twenty-one, who were liable to military conscription, were not

eligible to vote. They were, therefore, not able to participate
in the political processes that selected the members of the

executive and legislative branches of the federal government who

determined American military policy, including policies regarding

the waging of war. The contribution of the anti-war movement to
the end of conscription was preceded by its contribution to the

passage, in 1971, of the twenty-sixth amendment to the U.S.
Constitution, which lowered the age of political majority to
eighteen, allowing those liable to military conscription to

participate in the electoral process. The unfortunate lesson of
the Korean and Vietnam Wars with regard to the extension of

citizenship rights to blacks and to young adults may be that the
military serves as a vehicle for the c-tizenship revolution
primarily during times of war.

The social strains reflecting the extension of equality to

women, in both civilian and military institutions in America, can
. be seen as the current phase of the citizenship revolution. The

major barrier to women's participation in the armed forces has

been the constellation of cultural values about appropriate roles
r. for women.

CHANGING FAMILY AND LABOR FORCE PATTERNS

Women's participation in the labor force is dependent upon
the degree to which they are free from family responsibilities,

their motivation to be employed, and the availability of jobs.

Trends in family patterns in the U.S. show women marrying later,
married women having fewer children, more women choosing not to
have children, and more female-headed families (Current

Population Reports, 1975; U.S. Department of Labor, 1969). These
changes, as well as increased longevity, have contributed to the
housewife role becoming a less exclusive role for women. Women

are spending considerably less of their adult lives preoccupied
with raising children and running households.

The motivation of women to be employed has been increasing as
*a result of both financial and ideological factors. High rates

of inflation have occurred at a time when the women's movement
for equality has encouraged women to recognize and express

* desires to work as a means of personal fulfillment, power, and

financial independence.
The women's movement has also affected the availability of

jobs to women and the attractiveness of those jobs. Affirmative

action programs have increased job opportunities for women.
Legislation, court actions, and private sector policies have

helped to decrease wage discrimination against women, relative to
men in the same jobs.

All of these trends have contributed to a virtual revolution

in the proportion of women in the labor force. The labor force
participation rates of women have increased continuously since
1920 and increases since 1950 have been dramatic. By 1980, 51

percent of all American women were in the labor force.

Despite the increased labor force participation of women,
they are still concentrated in relatively few occupations:

clerical work, service work, retail sales, teaching, and nursing.

These occupations account for more than two-thirds of employed

women (U.S. Census Bureau, 1979). In addition, the average
income of full-time workers is substantially lower for women than
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men. This difference persists when we control for the effects of
age, education, marital status, and occupational prestige.
WOMEN IN PREDOMINANTLY MALE SPHERES

Most roles culturally defined as appropriate for women, both
family roles and work roles, are "characterized by their

supportive, enabling, facilitating, and vicarious features"
(Lipman-Blumen and Tickamyer, 1975: 309). These features are
absent from predominantly male arenas, including not only the
military, but also mathematics, science, corporate management,
police work, and sports. These fields have been traditionally
socially defined as male domains; girls and women have been
socialized to avoid participation in these fields.

During the past two decades, there has been a great deal of
social change in the actual and normatively expected roles for
American women, including greater recognition of girls' and
women's abilities in male-dominated areas. As stereotypes and
norms are altered and the expectations communicated to girls
change, we can expect more girls to pursue study and careers in
previously male fields. If this happens, there would be an
increase in the number of women who desire to enter the military
and who have the requisite abilities to perform in military jobs.
At the present time, however, the socialization experiences of
the cohorts already of military age act to minimize aspirations
for military service among women, and accentuate resistance among
men to the notion of women in the military. While movement of
females into male dominated areas is slow, and not inevitable,
there are nonetheless some indications that it is occurring.
WOMEN IN THE U.S. MILITARY

Before World War II, with some minor exceptions, women in the
U.S. military served only as nurses. These nurses were under a
separate command structure from regular military personnel.
During World War II, each of the services established a women's
unit, distinct from the nurse corps and also distinct from the

rest of the force, with a separate command structure. (For a
thorough history of women's participation through World War II,
see Treadwell, 1954.) Only recently have the women's branches
been integrated with the men's armed services: in 1978, Congress
passed legislation abolishing the Women's Army Corps as a

separate unit.
The number of women in the military has varied greatly, while

the percentage has always been small. The largest number and
concentration of women in the U.S. military, until recently,
occurred in 1945, when approximately 265,000 women constituted
2.2 percent of the force of over 12 million (Goldman, 1973:
895). Legislation passed in 1947 and 1948 placed severe
limitations on the numbers and functions of military women (see
Binkin and Bach, 1977: 10-12). A ceiling of two percent was
placed on the percentage of enlisted personnel who could be
female, and female officers (not counting nurses) could number at
most 10 percent of enlisted women. In the 1950s, the number of
military women varied between approximately 22,000 in 1950 (1.5
percent) and approximately 35,000 in 1955 (1.3 percent). In
1967, the two percent limitation was removed, but by 1971 women
still constituted less than two percent of the military (about
42,800).

From 1971 to 1980, the number and percent of women in the
U.S. military has increased dramatically. At the end of fiscal
year 1971, there were about 30,000 enlisted women and 13,000
officers, together constituting 1.6 percent of the total active
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duty military personnel By the end of 1980, there were about
151,000 enlisted women (8.6 percent of enlisted strength) and
22,000 female officers (7.9 percent of all active duty officers),
for a total of 173,000 women in uniform (8.5 percent of the total
armed forces).

The variety of jobs performed by military women parallels the
pattern of their numbers. That is, during peacetime, women have
played only "traditionally" female roles in the military. During
World War II, although women were still concentrated in a few job
classifications, the pressures of wartime necessity opened other
jobs to them. The end of World War II saw a return to
limitations on women's military jobs.

In addition to the recent increase in the number and percent
of female enlistees, the past ten years have witnessed an
increase in the number of job specialties open to women.
Currently, only the combat specialties are closed to women. In
1972, the percentage of enlisted women in the nontraditional jobs
was less than 10 percent. By the end of 1980, 55 percent of
enlisted women were in traditionally all-male specialties.

The groundwork for the increases in the 1970s in the numbers
and roles of women in the U.S. armed forces was laid in early
1973. At the start of the all-volunteer period, the number of
male enlistees was falling short of the goals set by the military
in order to maintain an effective active duty force. In
addition, those who were attempting to enlist were coming
increasingly from what the military considers "low quality"
personnel: those who had not graduated from high school and
those in the lower categories on the aptitude tests used by the
services. The services were aware that while they were lowering
enlistment standards for men, they were turning away women who
wanted to enlist, despite the fact that these women were high
school graduates and scored in the upper categories on the mental
tests. This was because the armed forces had separate goals for
the number of new enlisted men and women. At the same time, it
was anticipated that the Equal Rights Amendment, which had been
passed by Congress in 1972, would be ratified by the States.
Military leaders and civilian policy makers within the defense
establishment recognized that such ratification would make their
extant policies regarding the enlistment and assignment of women
unconstitutional. These pressures directly contributed to the
policy of increasing women's participation in the military, the
first step of which was to substantially increase the quotas for
female enlistments. The number of women officers was then
increased and women were admitted to the service academies for
the first time in 1976.

Current laws and policies regarding the positions that may be
held by women vary among the different services. In all
services, women are permitted to hold all jobs that do not
involve direct combat. Women are permitted to and do serve in
combat support and combat service support specialties, which may
involve service in a combat environment.

In the Navy and the Marine Corps, until recently, women were
restricted from serving aboard most ships by 10 U.S.C. 6015
(1976) which stated in part: "...women may not be assigned to
duty in aircraft that are engaged in combat missions nor may they
be assigned to duty on vessels of the Navy other than hospital
ships and transports." The effect of this statute was to bar
women from service aboard ships (since the Navy currently has no
hospital ships or transports). In Owens v. Brown, Judge John J.
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Sirica ruled that the Navy could not use this statute as the sole
basis for excluding women from duty aboard ship. In 1978,
Congress passed a modification of this law, to permit women to
serve on hospital and transport ships and other such vessels not
expected to be assigned combat missions and to serve up to six
months temporary duty on other Navy vessels. In the Navy, women
still may not serve on vessels or aircraft engaged in combat
missions" (Department of Defense, 1978: 76). Women in the Air
Force are similarly prohibited (by U.S.C. 8549) from serving on
aircraft engaged in a combat mission.

The Army has no statutory prohibition against women in
combat. The current Army policy states: "Women are authorized
to serve in any officer or enlisted specialty, except some
selected specialties, in any organizational level and in any unit
of the Army except infantry, armor, cannon field artillery,
combat engineer, and low altitude air defense artillery units of
battalion/squadron or smaller size." (HQ DA message,
DAPE-MPE-C5, Washington, D.C., R082058z, 8 Sept 77.)

The Subcommittee on Military Personnel of the House Armed
Services Committee held hearings in November 1979 on the
utilization of women in the military. Included in their public
hearings was consideration of the repeal of sections 6015 and
8549 of Title 10, which are the only laws prohibiting American
women from serving in combat. While such repeal is not
immediately forthcoming, it is noteworthy that the Department of
Defense was in favor of such repeal at that time. Even if these
legal restrictions were removed, it is still likely that
Department of Defense policy would restrict the combat role of
women, at least in the immediate future.

In February 1980, with Americans held hostage in Iran and
Soviet troops in Afghanistan, President Carter called for the
military registration of all American males and females born in
1960 or 1961. The debate over such registration centered around
two major issues. First, there was (and still is) disagreement
both in Congress and the general public as to whether such
registration and a possible return to military conscription is
necessary or desirable. Second, the proposed registration of
women for the draft created a public discussion laden with
emotion.

The draft registration bill enacted by Congress in 1980
excluded women, and was declared unconstitutional by a federal
district court in Philadelphia as a violation of the equal
protection guarantees of the Fifth Amendment. That ruling was
overturned by the Supreme Court in June 1981 (Rostker v.
Goldberg), with the Court basing its decision primarily on its
interpretation of Congress' prerogatives on military matters.

Through the end of 1980, the military planned to continue to
increase the numbers of women to about 254,000 (223,700 enlisted
and 30,600 officers) by 1985, with women constituting about 12
percent of active duty personnel. At the beginning of 1981, the
Reagan administration announced that it would reexamine those
goals, and keep the number of women at the 1980 levels for the
present time. The basis of this "pause" in the increasing
utilization of women is stated to be a concern about problems
encountered with integrating women into the services and
anticipation that such problems would be exascerbated by
increasing female representation, especially in combat support
units. These problems include the following: lost duty time of
pregnant women and consequent shortages of personnel in their
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units; lack of acceptance and sexual harassment of women by men;
physical strength limitations of women; and high rates of
attrition of women from traditionally male specialties.
Increasing enlistment of women would require recruiting more
women for traditionally male jobs. It would also involve

*accepting more women without high school degrees and lower
aptitude levels, who have higher rates of attrition and
disciplinary problems in the military.

The pause affected the services in very different ways.
" The Army stopped recruiting women in mid-1981 for the rest of the
- fiscal year. The Marine Corpst which expanded programs for women

during the 1970s "refined" these programs going into the 1980s,
closing some specialties and some units to women. The Navy has
been assigning more women to sea duty, and still projects a

. slight increase by 1985. The Air Force was already 11 percent
female in 1981, with women serving in all officer career fields
and all but four enlisted career fields, and 30 percent of the
women serving in traditionally male specialties.

CONCLUSION
As part of the traditional gender-based definitions of

social roles, the participation of women in military forces has
historically been limited, except under the most extreme
circumstances. The number of women allowed to serve has been
kept low except during periods of wartime mobilization when,
through the World War II period, their service was in an
auxiliary capacity. In times of peace, the women who did serve
filled traditionally female roles, such as nurses and clerks.

- During wartime mobilization, the women were allowed to move into
, traditionally male roles, and this was as true in civilian
" factories as in the armed forces. They were, however, excluded

from combat jobs, and with the end of hostilities, once more
moved into the traditionally female areas. Indeed, the only
historical evidence we have of the participation of women in
combat specialties occurs in instances of extreme and immediate
threat to territorial integrity. This is most likely in guerilla
warfare, as in the case of Israel prior to independence, and the
Balkan states during World War II. Even in these instances,
women seem to have been quickly relegated to more traditional
roles. The only modern example of female participation in
conventional combat formations was the Soviet Union during World
War II. Here there was an immediate and great threat to
territorial integrity, manpower resources were exhausted, and the
use of womanpower was seen as a last resort.

The utilization of women in the United States armed forces
during the 1970s can be seen as a divergence from historical
precedent. In a peacetime period, quotas for women were raised,
but not eliminated. Women were admitted to all traditionally
male specialties except those defined as direct combat. Gender

4 segregation of the armed forces was reduced through the
* elimination of the women's branches, which at the same time

deprived women in the services of advocacy at a high level in the
organizational structure. Women were admitted to the service
academies. And the issues of drafting women and the utilization
of women in combat became matters of public debate.

Going into the decade of the 1980s, the engine of social
*: change appears to have slowed. The facts that the E.R.A. has not

yet been ratified by the states, and that Ronald Reagan succeeded
Jimmy Carter in the presidency, manifest a conservative mood in
the country. With regard to military manpower, this has been
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reflected in the exclusion of women from draft registration, and
K. a levelling of the proportion of women in the armed services.

The effects of technology and of public opinion are in part
in opposition to each other with regard to the utilization of
women in the military. Where the material technology of a
service is similar to technologies found in the civilian labor
force, and particularly where that technology substitutes capital
intensive automated conflict for more traditional mass face to
face battles, acceptance of women is higher. Thus, women have
been integrated most fully into the high technology Air Force.
The Navy, with a considerably more traditional structure but a
high technology base, still projects increases in female
utilization. The acceptability of women in these traditionally
male roles, however, is limited to those roles that have
counterparts in the civilian labor force, into which women are
also moving. Public opinion has not gone the next step and
defined as acceptable women serving in the traditionally male
ground combat specialties that do not have counterparts in the
civilian labor force. Thus, the greatest restrictions to
expansion are found in the Army, and the Marine Corps.

This is not to say that the pendulum will necessarily swing
all the way back in a traditional direction. Changes in the
direction of gender equality in the military have been made which
will be very difficult to reverse. Even the reinstitution of a
male only draft, for example, will not justify the exclusion of
women serving as volunteers, or indeed attending the service
academies.

At the same time, it is important not to overstate the
magnitude of the changes that have taken place. At the peak of
enthusiasm about women in the services, in the late 1970s, they
remained a small proportion of the force, they were excluded from
combat roles, and they in fact preferred traditionally female
jobs. Despite the fact that some women did enter, and continue
to enter, traditionally male jobs, both in the civilian labor
force and in the military, the number doing so remains small.
Furthermore, such women experience serious problems on the job,
including lack of acceptance by the men, intense performance
pressures, social isolation, and sexual harassment (Kanter, 1977;
Martin, 1980; Meyer and Lee, 1978). It appears that the degree
of change in social attitudes has not been sufficient to allow
full integration in traditionally male arenas, including the
military. The experience of the armed services during the decade
of the 1970s may well indicate that they have reached a threshold
beyond which they cannot advance unless there is further social
change in women's roles and in men's attitudes in American
society, or unless definitions of citizen rights and obligations
are once more changed to meet the mobilization requirements of a
war. In the short run, it must be recognized that the expansion
of women's roles in the armed forces in the 1970s has already
served to reinforce equalitarian sex role attitudes in the
civilian sector. If the military continues to expand women's
participation, or even maintains it at present levels, it will in
the process be serving as a critical agent for future social
change.
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Hypothesizing that supervisors' attitudes towards the rights and roles of
women would be related to the kinds of performance evaluations given to
women in the Canadian Forces, the performance scores of a subset of women
evaluated in 1979 and a matched sample of men were examined in relation to
the supervisors' scores on the short form of the Attitudes Toward Women
Scale (AWS). The predicted relationship held true for three out of the
seventeen scales, Support of Subordinates, Supervision, and Command and
Self-Assertion - that is, women were rated lower than men by supervisors
expressing traditional views about the rights and roles of women, and there
were no differences between the men and women's scores when evaluated by
supervisors with more egalitarian views. Contrary to prediction, women
evaluated by supervisors expressing more traditional views were not scored
significantly lower than women evaluated by supervisors with more egalitarian
attitudes. A model of self-fulfilling prophecy advanced to account for some
of the supervisor/subordinate relationships which would cause the lower
evaluation of women by supervisors holding more traditional views about the
rights and roles of women was not supported in tests undertaken.
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Research examining evaluation procedures, and other personnel decisions affecting the careers
of men and wom in the work place has shown that women are directed towards lower paying jobs
requiring less education, and are selected less frequently for management positions (Donahue &
Costar, 1977; Fidell, 1970; Heneman, 1977; Rosen & Jerdee, 1974a; Shaw, 1972). Once on the job,
women are given fewer professional development opportunities, are promoted less frequently, are
viewed as more capable of engaging in a consideration style of leadership, and less capable of
engaging in an initiating structure style of leadership (Bartol & Butterfield, 1976; Rosen &
Jerdee, 1974b; Terberg & Ilgen, 1975). In addition, employers seem more lenient with women with
respect to family demands (Rosen & Jerdee, 1974c). Sex-role stereotyping and the attitudes held
by persons in positions of power are frequently cited by researchers as the reasons for the appar-
ent bias in the treatment of the sexes in the employment setting, especially in those jobs and
professions not conventionally held by women (Terberg, 1977). While this is the most likely ex-
planation, this relationship has not been clearly demonstrated in most of the research reported
to date. One of the aims of this study, therefore, is to determine whether there is a relationship
between the attitudes that supervisors hold towards the rights and roles of woen, and the evalua-
tions given to wom on their job performance relative to those given to their male counterparts.
Secondly, an attept will be made to clarify some of the mechanisms involved in supervisor and
subordinate relationships which would create differences in evaluations given to men and women.

A Model of Self-Fulfilling Prophecy

At the last FI"A conference a model of self-fulfilling prophecy was advanced in an attempt to
delineate the mechanisms involved in supervisor/subordinate relationships which would result in
the lower appraisal of women by supervisors holding more traditional attitudes towards the rights
and roles of women relative to their male peers, and relative to women evaluated by supervisors
holding more egalitatian views (Simpson, 1980).

This model has as its underlying principle the concept of self-fulfilling orophecy. Jones
(1977) argues that stereotypes are part of an individual's theory of personality. The act of as-
signing a label to an individual, or assigning an individual to a distinct social group, results in

certain expectancies for the individual consistent with the label - in the case of this study, for
the women to behave in a way consistent with the stereotype for their sex. Furthermore, individ-
uals in positions of power can set up the environment, attend to behaviour, and establish reinforce
ment contingencies so that it is difficult for the stereotyoed individual to act in a manner in-
consistent with the expectancies. This is very similar to the concept of role entrapment advanced
by Kanter (1976) whereby assumptions and mistaken attributions made about token groups force them
into playing limited and caricatured roles. Jones (1977) further indicates that not only is the
behaviour of the stereotyped individuals modified, but also the expectancies they hold for them-

selves (Jones, 1977).

The model as outlined in Figure 1 sumarizes these processes as they apply to women in the
emloyment setting - specifically, as they apply to woe in the Canadian Forces. Briefly, the
superisor's views on the rights and roles of women in society (Box A) impacts on the supervisor's
expectancies for the performance of wow in the Canadian Forces (Box 8), which in turn results in

certain expectancies for the performance of the specific woman under his or her employ (Box C). The
supervisor will, as a consequence, set up the work environment and respond to the subordinate
(ox 0) in a manner such that the subordinate's own work performance (Box E), and exoectancies for
performance (Box F), are modified. The behaviour of the subordinate on the job in turn impacts on.
and further corroborates the supervisor's opinion about the rights and roles of women as a whole
(Box A), his or her expectancies for women as a group in the Canadian Forces (Box B), and his orher
expectancies for the specific woman under his or her employ (Box C).

Whether such a system applies to supervisor/subordinate relationships is the subject of this
study. The following hypotheses pertain:

1. woman subordinates will receive lower performance evaluations than men subordinates when
both are rated by supervisors who adhere to traditional'attitudes towards the role of
women in society;

2. there will be no differences in performance evaluations given to male and female subordin-
ates by supervisors who do not adhere to traditional attitudes towards the role of women
in society;

3. women subordinates who work for supervisors who adhere to traditional attitudes towards the
role of women in society will receive lower performance evaluations than women subordinates
who work for supervisors who do not adhere to traditional views on the roles of women;

4. supervisors who adhere to traditional attitudes towards the role of women in society will

have lower exoectancies for the Perfomiance and work motivation of the specific women under

their employ than will supervisors who nold less traditional views,

5. supervisors who hold more traditional views about the -oles of women in society will re-

port less encouragement and reward of good oerforance and ore leniency towards coor -er.

formance of the specific female suoordinates under their emloy than 
3uoervisors who hold

less traditional views; and.

6. women whO work for suoervisors who hold more traditional views aoout the role of women in

* society will have lower expectancies for their own level of performance 3otential and :heir

own wort motivation, than will women wno work 'or supervisors having less traditional

atti tudes.
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Subjectss

The group of potential subjects included all of the women of nonofficer status who had annual
Performance Evaluaton Reports (PERs) completed on them during the 1978/79 evaluation cycle. and
who were still in the Canadian Forces in September 1980. A comoarative group of men was selected
using the same criteria, but in addition, were matched on a subject-by-subject basis to the group
of women by rank and by trade. The result was a group of 391 men and 391 women in the potential
subject: sample. Their respecltve supervisors at the time of their PER constituted the potential
Supervisor sampl e.

The combined participation rate for the suoervisors and subordinates was 59 percent. The
reason for nonparticiation could not be determninin 8 percent of the cases, only 7 percent
voluntarily chose not to participate. and in the balance of the cases the reasons for nonpartic-
iPaion were beyond the conrol of the individals involved (e.g., on training, on ea n c, ec.).
The wele and female suborCdinates dd not differ 8t 0 rank Ao-suare t .318; df - ; w s c .05) or
sin trade (CHI-square b 7.828; df 19; p) .05); however, the women were significantly younger
w(t e -6.39; df 355; Pt.001), had less time in service (t 9 -8.20; df a 325; i.001) and in

-'. rank (t • -7.79; df - 287; p< .001), had more education (CHI-square - 62.41; df - 7; p <.001),scored higher in clerical aptitude (t 6.15; df im3; p <.01), and lower in electrical

:" (t --2.28; df - 253; P C.05) and mechanical aptitude (t a -5.74; df - 253; P< .001). There were
no significant differences in general intelligence (t s e.7o; df 253; Pm> .l) and arithmetic/
comoutational a rtitude (t i -0.34; df 253; o> . s).

M easurement Instruments
r erformance Evaluation Reoort for ,!embers The PER currently in use assesses lhe 7embers.en

seventeen performance requirements on a seven-point scale varying from 3elow Standard to Rare High
Svandard. The most recent Published report indicates hat the coefficients of stability on to
successive annual eRs for Cororals and Senior ioncommissioned Officers whose unit and suner-
Tisor alad remained unchanged, ranged from .53 to .61 for total R score, and -om .39 to .512 -.or
individual oerormance requirements (Stow, 197d1). Using orinc o comoonents analysis yain,
Skinner and amoton 1280) found a three mactor structure for the PER ani labelled them: '. [n ter -

iersonal Skills or nfluencln, ii) Individual Effectiveness, and and' lrofessionalism. a er-

'Zormance requirements lioading heavily on each or these -actors are shown in Tao'le i.
t .udes Toward .men Scale ,AicS). ahe suervisors were ased o :omolee the snort for

no ignficnt 7if erne ngeal ntlgec Ct litosi 1.6;df 25; en05 andtue riftmeic r

e tS Sioence, eirde , St-034 , 973) o that the re.0)ions.io -he attions f : v
/Asors toward the rghts and roles if 4omen ,ox A of the
nen -na voren on EheIr ieRs courd e examined. The suordinaes ere also asked o .cr ete oe
sevetee ero ine re e noe norm n istegrl -oart of she yogeses "es.-no tanc, d tereore. vi"

Sot ne reoor.Ted oere.
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The short form of the AWS is a 25 Item Likert-type scale tapping attitudes about the iocat~on-
' al, educational, and intellectual roles of women. their freedom and independence, sexual oenavour ,

and marital relationship and obligations (Spence & Helmreich, 1972). Amongst the Canadian Military

College students internal consistency (coefficient alpha) was .84 to .89, and three week test-re-
test reliability was .89 (Prociuk, 1980). Among members of nonofficer status internal consistency-
(Coefficient alpha) measured at .83 and .80 for men and women respectively (Boyce & Belec, 1980).
The scale also appears to be sensitive to intervention expected to produce attitude change (i.e.
mlxed Cadet Basic Training at military college) indicating that the AWS is probably a valid meas-
ure of attitudes towards women (Yoder, Rice, Adams, Priest & Prince. 1979).

Expectancy stonnaires. Both the supervisors and subordinates were asked to complete a
ouestionnaire of very similarw ording containing item with Likert-type response options. In the

;ase of the supervisors the questions were aimed at an assessment of the specific subordinate's

" potential to achieve and work motivation (Box C of the model and Hypothesis 4). as well as how the

supervisors would respond to different standards of performance on the part of the specific subor-
dinate in question (Box 0 of the model and Hypothesis 5). The subordinates were asked to complete
a similarly worded questionnaire assessing their own perceived potential to achieve and their work

motivation (Box E of the model and Hypothesis 6), as well as how their supervisor would respond to

various standards of performance on their part (a cross reference on the supervisor's responses).

The surveys also contained other questions intended to provide a contextual framework for the hy-

potheses in question. These surveys will hereafter be referred to as the Subordinates' and Super-

visors' Expectancy Questionnaires.

Data Collection

The questionnaire data were gathered by sending packages of specially prepared materials for

each potential participant to Personnel Selection Officers (PSOs) at Canadian Forces Bases across

* Canada. All potential participants were told that participation in the study was voluntary. The

questionnaires were administered in a standardized fashion in classroom settings, with the super-

visors and subordinates completing them in separate sessions. All participants completed the Ex-

pectancy Questionnaire followed by the AWS in the official language of their choice, French or

English. on machine readable answer sheets. On return, the answer sheets were visually inspected

for errors in completion, and were also submitted to computerized editing. PER data and certain

biographical information were collected from existing computer files.

Design and Statistical Analyses

The independent variables are the sex of the subordinate (SEX) and the supervisors' attitudes

towards women as measured by the AlS (SAWS). Based on the AWS the supervisors were divided into

the categories Traditional. Egalitarian and Moderate depending on whether their scores fell within

the bottom, too or middle third of the distribution. Thus. the general design for this study is a

2(SEX) X 3(SAWS).

For Hypotheses 1, 2, and 3, the dependent measures were the seventeen oerformance reouirements

of the PER. For hypotheses 4, 5, and 6, the dependent measures were the responses to the relevant

items from the Supervisors' and Subordinates' Expectancy Questionnaires. All analyses required a

SEX by linear SAWS interaction. The SAWS effect was, therefore, partitioned for testing into

first and second degree polynomial contrasts, and the interaction effects tested reflected this

oartitlonno.
All analyses were carried out at the multivariate level and an effect had to meet a minimum

level of significance of .05 or less before the univariate analyses of each deoendent measure

were considered. Dunn's Multiple Comparison Procedure was used to test planned comparisons ,irk.

1968). In the case of Hyp:theses 1, 2, and 3, the planned comparisons are outlined in Table 2.

Hypotheses 4, 5, and 5 demand a comparison of results for women working for Egalitarian super-

visors; however, to satisfy the hypotheses within the context of the theory advanced, the results

for women relative to those obtained for the male subordinates must be considered. In particular,

the differences in results for the female subordinates working for Traditional supervisors and

those for female subordinates working for Egalitarian supervisors oredicted by Hypotheses 4, 9. and

5 Prediction 1) imply that there should be no differences between the results for males workino 7

for Traditional supervisors and those for Tales working for Egalitarian supervisors (Prediction 2)
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-urthermore, in keeping with theory advanced, it was expected that there should be differences in
LA m the results for male and female subordinates working for Traditional supervisors (Prediction 3),

but no differences in results for male and female subordinates working for Egalitarian supervisors

(Prediction 4). These Paired comparisons are summarized in Table 3.
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RESULTS

Prel iminary Results

A principal components analysis of the PER data was completed, which confirmed the factor

structure obtained by Bain et al. (1980). Furthermore, it was found that the factor structure was
++ sable and equivalent across the male and female samples. It was, therefore, decided that it would

be appropriate to use the performance requirements listed under each of the three factors Individ-
ual Effectiveness, Intl orsnal Skills or Influencing, and Professionalism (Table 1) as de-pe-'-t
measures in three sep0ar t , mutiaiate analyses of variance (MANOVAs) to test Hypotheses 1, 2,& 3.

Because the man and women subordinates who participated in this study differed significantly in

age, length of service in the Canadian Forces, length of time in rank, educational level, clerical
aptitude, electrical aptitude, and mechanical aptitude, it was necessary to establish the relation-
ships between these variables and the PER performance requirements. No substantial relationships

-were found for either the men or the women using Pearson's r (no correlation exceeded .28). More-
over, no significant canonical correlation was found for either the men or the women between these
two sets of variables (p >.05). Based on both the bivarlate and the multivariate correlation tech-
niques, it was concluded that the relationships between the predictor variables and the PER scores
were not strong enough to warrant the inclusion of the variables in question as covariates in sub-

sequent analyses.

An analysis of the supervisors AWS scores yielded an aloha coefficient of .85, indicating that

the measure is internally consistent for the sample (Hull & ie, 1979). A principal components
analysis was also performed and it was found that for this sample the AWS was not essentially uni-
factorial as was reported by Spence, Helmrelch and Stapp (1972) with college students in Texas,and
by Procluk (1980) with cadets at Canadian Military Colleges. Limiting the analysis to three fac-
tors produced a stable and interpretable set of factors which, in their unrotated form, accounted
for 36 percent of the variance. Using Rummel's (1970) criteria for the interpretation of factors
the following descriptive labels were assigned to the factors: Equalit of Ovsortunii Division
of Labour; Mrit; and, Courtship and Marriage. Table 4 shows the VARIAX rotated facltr struc-
ture tor theefators. This factor structure was used to generate scores for the AWS for each of
the supervisors who participated in the study. The supervisors were then assigned to the categor-
ies Traditional, Egalitarian or 4oderate for each of the factors by grouping according to whether
their scores fell within the bottom, top or middle 33.3 percent of the distributions so that the
hypotheses of the study could be tested for each of the AWS factors.

The Supervisors' and Subordinates' Expectancy Questionnaires were submitted to separate prin-
cipal comonents analyses, the results of which were compared to determine what groups of items
should be used to represent the variables of concern in the tests of Hypotheses 4, S, and 6. The
discussion of the results of these analyses is beyond the scope of this paper. It is sufficient
to say that there were many groups of items which provided contextual information for the hypothe-
ses in question; however, only those groups of items which bear directly on the hypotheses will Ze
discussed in the following Test of Hypotheses section.

Test of Hypotheses

Tests of Hpotheses 1, 2, and 3. As indicated previously, the dependent variables in these

analyses were the three sets of PER perfomance requirements representing the PER dimensions

Individual Effectiveness, Interoersonal Skills or !nflugncino, and Professionalism (Table 1).

In addition, the analyses were performed using each of the three SAWS dimensions Equa'Ity f
M OpotuntY & Dvision of Labour, Mii j, and Courtship & 'arrlaae. Thus, there wer ni e

-AN0VAS performed to test Hypothese 1 , and 3, one or eacn combination of PER performance

requirement subset by SAWS dimension.

The predicted interaction of SEX by linear SAWS was found for the subset of items representing

the PER dimension Influencin, when the M4orality factor scores were used to define SAWS (F*2.594;

df.6, 234; Po .o5; *. At the univariate level, using ounn's Multiole Comparison Procedure,
support was ootained for Hypotheses I and 2, but not for 3 for the three performance requirements

Support of Subordinates, Command and Self-Assertion and Supervision; that is, for these three

performance requirements, Traditional supervisors of women rated them significantly lower than did

•raditional suervisors ratng male subordinates (Hypothesis 1), there were no significant differ-

ences in scores for men and women among Egalitarian supervisors (Hypothesis 2), but contrary to

prediction (HypotheSis 3), there were no significant differences between evaluations received by

women who worked for Traditional supervisors and the evaluations received by women who worked for

Egalitarian supervisors. Table S summarizes these results, Table 6 gives the means and standard

deviations for each of the :hree performance -equirements, and Figures 2. 3, and 4 graphically de-

Iict the relationships. 1522
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NO other Significiant muitivariate interactions were found among the eight other comibinations
of PER subset by SAWS dimension.

Teats of Hypotheses 4. 5 and 6. The dependent measures in these analyses were the subsets of
variables, determned by principal components analyses, from the Supervisors' and Subordinates'
Expectancy Questionnaires which best represented the variables of interest in Hypotheses 4. 5.
and S. As with the analyses for Hypotheses 1, 2, and 3, the subsets of items were analyzed for

- - each of the three SAWS dimensions defined above. Thus, there were three MANOVAs performed for
* every subset of items analyzed from the Supervisors' and Subordinates' Expectancy Questionnaires.

For Hypothesis 4 the variables requiring measurement were the supervisors' "expectancies for
the performance and work motivation" of their subordinates. There were three subsets of items
from the Supervisors' Expectancy Questionnaire which defined these variables. The first set con-
tained eighteen items related mostly to the supervisor's expectancies fcr the subordinate's future
performance in the Canadian Forces, and the types of work the supervisor would be oreoared to
allow the subordinate to do. Collectively these items seemed to measure the suoervisor's confid-
ence in the subordinate's work capabilities and fall into the category of measuring the suoervis-
or's "expectancies for the performance' of the subordinate, as well as, the suoervlsor's aooreci-
ation of the "work motivation' of the subordinate to do well at the task at hand (one iteml. The
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second set contained three items measuring the supervisor's willingness to place the subordinatein "Dangerous", "Physically Otficult ,, and "Combat" positions, and as such measured the supervis-
or's "expectancies for the performance" of the subordinate in this distinctly military commitment.

The third set of tem(s included two questions assessing the supervisor's judgement about the com-mitm~ent of the subordinate to a career in the Canadian Forces and measured this aspect of the sub-": ordinate' s "work motivration".
A hsignificant^ m .. oultivarite SEX by linear SAWS interaction was f ound ,for the first set of itemsfo heEual oruity, of0nd Division of Labour dimension of the SAWS. At the univariate •ev1 lnfoatrsrrui'1

Ievel sTniicF Feht ee otained for the three items, the Job descriptors High Profile,Technical and Vittal as responses to the question "I would be 'orepared to place this individual ,inpositions that couald be described as". The response options varied f rom (,I) Definitely Yes to(5) Defrinitely 11o. For all three job descriptors, predictions 1, 2, and 4 were sulpported 'see1lethod setion) - that is, Traditional supervisors were significantly less willing to olace theirvomen subordinates in these types of jobs than 'were Egalitarian supervisors of Women, ther: wereno signifitcant diffrences between Traditional supervisors of mlen and Egalitarian supervisors ofven iitn willitngnesst fernto t~eplace their suborditnates in these types of positions, and there were no s4 ' -1ni i a t di f r n es b t e nEgalitaran Supervisors of en and E.galitaran supervisors of women. .Only In the case of the job descriptor Technical, however, was 3redict:ion 3 supported - t.hat is, .only For the descrintor ?evnnical were Traditional supervisors 4ound to De significantly ',ess vill- .tng t.o oiace :heir women'sub~ordinates in t.his tYp:e of 3osition than tradlitional supervisors of -len. -
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Table 7 summarizes the univariate comparisons 4or these three itemls, Table 8 gives the mneans and
standard deviationsand Figures 5, 6, and 7 depict the relationships.
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there were no significant multivariate SEX by lear SAWS interactions for the second andthird groups of items related to testing 4yPothesis d. Thus, only Partial support wsobtained

fnr Hypothesis 4 insofar as the supervisor's willingness to place their suoordinates in High Pro-
file, Vital and Technical positions was concerned, and only with respect to the Equality of Oooor-
tunity and Oivision of Labour dimension of the SAWS.

For Hypothesis 5 the variables requiring measurement were the supervisors' reports of the de-
gree of "encouragement and reward of good performance" and "leniency towards poor performance."
Two groups of items from the Supervisors' Expectancy Questionnaire were used as the dependent
measures in tests related to this hypothesis. The first group contained two questions measuring
the supervisor's "leniency towards poor performance" and one measuring "encouragement and reward
f good performance." The second group contained two questions, both measuring the supervisor's
reward and encouragement" of good performance but were distinct in that they measured the mater-

ial consequences of good performance (promotion and salary increase), whereas the first group of
items dealt with the nonmaterial consequences of good and poor performance (verbal commendation,
:ouinselling. etc.)

No significant SEX by linear SAWS multivariate interactions were obtained; thus, no support
was obtained for Hypothesis 5 based on the supervisors' reports on Exoectancy Questionnaire. A
cross check was made with the Subordinates' Expectancy Questionnaire by analyzing the same items
on the Subordinates' Questionnaire as the first group on the Supervisors' Expectancy Question-
naire. The items on the subordinato.s' questionnaire asked how the supervisors would respond to
good and poor performance on the subordinate's part. '4o significant multivariate SEX by linear
SAWS interactions were found for these questions. Thus, there was no support obtained whatsoever
for Hypothesis 5, either in reports from the supervisors or from the subordinates.

For Hypothesis 6 there were two sets of questions from the Subordinates' Expectancy Question-
naire used to examine the subordinates' "expectancies for their own performance potential and
their own work motivation". The first group contained five items measuring the subordinates'
'expectancies for their own performance" into the future in the Canadian Forces, and the second
group contained three items assessing the subord'nates' "work motivation", both in terms long
term career commitment and motivation to do well at the job at hand.

In neither of these groups of items were there any significant multivariate SEX by linear SAWS
interactions found. Thus, no support was obtained for Hypothesis 6 based on reports from the sub-
ordinates on the Subordinates' Expectancy Questionnaire.

DISCUSSION
Prior research (unpublished CFPARU data) has demonstrated that there are many differences be-

tween the PERs for men and for women, with women for the most part, being scored lower than men on
the PER dimension Individual Effectiveness. To some degree, at least with respect to some of the
performance requirements related to leadership and influencing others, Jhe attitudes the supervis-
ors hold towards women are related to the kinds of PERs they give to women relative to those given
to men. The differences, however, cannot be explained entirely on the basis of the supervisors'
measured attitudes towards women. One possible reason for this may be that the AWS used in this
study is not particularly related to the more specific attitudes supervisors may hold towards the
roles and opportunities women should have in the military. Another possible explanation is that
there are real differences between the performance of men and women on the job, and that these
differences are due to the tendency in our society to socialize women towards a feminine ideal, an
ideal which is in conflict with the kinds of behaviour and performance required to succeed in the
military. This latter explanation receives sme supoort from the Subordinates' Expectancy Ques-
tionnaire, in that women feel that there is a lower likelihood of their making a career of the
Canadian Forces thao do men, indicate that they have a lower capacity to take on increased respon-
sibility and a lower potential to carry out all of the difficult tasks than is reported by men,
and judge their potential to function at advanced ranks at a reduced level compared with the re-
ports of men. That all of this is unrelated to the supervisors' AWS measures suggests that per-
haps the women's expectancies for themselves were not influenced by their immediate supervisor's
attitudes towards women as suggested by the nodel. This position is further reinforced y the
fact that there was no difference in the treatment of women by the more Traditional suoervisors
compared with the more Egalitarian supervisors reported in either the suoervisors' or subordin-
ates' questionnaires.

SUMiARY AND CONCLUSIO'S

Suoport was obtained Oor Hypotheses I and 2, but not for Hyoothesis 3 ;or the 3erformance re-
.uirements related to leadershio and Influencing others - that is, 'or three of the oerformance
recuirements from the :nfluencino dimension of the PER, suoervisors of women who exoressed nore
traditional views on the rignts and roles of women rated their subordinates lower than did suoer-
/isors of lien exoressing the same attitudes; there were no lifferences setween the ratings re-ceived y ien and momen when they 4ere evaluated by suoervisors exoressing -nore egalitarian •
iews; out -ontrary/ to oreciction, the women working 'or suoervisors exoressing nore traditional

views ere lot rated som nifcantly lower than women orving 'or suoervisors exoressing ore egal-
4Cation viles.

.Ithough some suooort was obtained 'or -ypothesis I with reard to mnore tracltIonal suoervis-
ors naving lower exoectancies "or their female suooroinates than the lore e'aiitar'an suoervisors
ave for t.heirs, no suvoort das obtained 'or Hypothesis . n i) .he ooslt'on that sucervisors

3c- 'n a 'anner :onsistent wiTl tneir exoecan:es so tnat suoe'visors wiTh 'ower exoect:ncies
:ause througn the <inos 3f reinforcement :ontingences they ?staolish Ind -ow they set .o the
Ycrk environmenl vomen to :erlor'n less efIecn:vel'. n 'ave "ower ixcectanc'es 'or their )wn

3) " cineve. 
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AD P001419
Psychological Screening for Weapons Use Suitability

Krug, Samuel E., Institute for Personality and Ability Testing, Champaign,

Illinois (Chair); Behrens, Gary, Institute for Personality and Ability

Testing, Champaign, Illinois; Palese, Robert, Williams, John, CDR, &
Winn, Frank, US Coast Guard Support Center, Governors Island, New
York.

A pilot study was conducted for US Coast Guard 3rd District to
determine the feasibility of objective psychological assessment in

evaluating suitability for armed duties assignments. A linear decision
model incorporating normal and clincial assessment components was
constructed to facilitate the evaluation process. The results of the
study are encouraging and point to possible applications beyond the
issue of weapons screening,

Discussion will include four separate presentations, each focusing
on some aspect of the program concepts. The initial presentation will
provide background on the study objectives. The need for a cost-
effective screening in relation to weapons management issues will be
addressed. In the second presentation, a psychometric approach to the
problem of screening will be described. Methods used in the present
study will serve as an illustrative example. Results of the study will
be reviewed in the third presentation. Evidence for the validity of
the screening methods, with emphasis on clinical follow-up in selected
individual cases, will be considered. The third presentation will
explore some implications of the screening method in the larger context
of ongoing personnel concerns. Particular attention will be given to
potential benefits in the areas of leadership development, retention
and specialty training.
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Psychological Screening for Weapons Use Suitability:
A Formal Decision Model

Samuel E. Krug, Ph.D. Director, Test Services
Gary M. Behrens, M.S. Research Associate

Institute for Personality and Ability Testing
Champaign, Illinois

Summary

A data-based systems approach to the problem of reviewing large
numbers of personnel with respect to psychological fitness for weapons
use was adopted. Two professionally developed and well-validated tests
were administered to 709 USCG 3rd District personnel. These objective
tests measured a broad spectrum of personal characteristics, such as
emotional stability, anxiety, self-discipline and integrity/control,
which have been shown to relate significantly to the ability to exer-
cise appropriate judgment in high stress situations.

A formal Screening Decision Model (SDM) was developed to insure
consistent and programmatic evaluation of the psychological data. The
construct validity of the model was checked in several ways, including
systematic comparison of sample test scores with thousands of profiles
maintained in an extensive data base of normal and psychiatric protocols.
A set of decision rules was established through combining the clinical
judgment of IPAT staff psychologists with the results from a series of
statistical analyses. Findings suggested that a small but noteworthy
percentage of the personnel screened show characteristics that could
significantly impair their ability to render appropriate use-of-force
decisions in nonroutine circumstances.

-3
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Scope of the Program

In September, 1980, USCG psychologists, security and readiness per-
sonnel met with IPAT psychologists at Champaign, Illinois, to define the
major needs of the Coast Guard with respect to a weapons screening pro-
gram and to help shape the basic dimensions of a workable program.

The population identified for participants in this project consisted
- - of all 3rd District personnel who currently were or could reasonably be

assigned to boarding party duty. A roster of 948 such individuals was
drawn up by 3rd District Headquarters according to duty stations. In-
dividual sets of test materials were then prepared by IPAT and distributed
in appropriate quantities to each unit commander. Written procedures
for controlled administration of the program materials were provided as
well.

Test materials were received back for 730 individuals. Approximately
3% of these were incomplete and so suitability judgments could be made in
709 cases only. Demographic characteristics of the 709 participants were
determined in order to better profile the group as a whole. The mean age
of this sample group was 23 years, with a range from 18 to 43. With re-
gard to gender, the sample group was predominantly male (96%). In terms
of rank, about 70% of the group could be classified as junior enlisted
personnel, 20% as senior enlisted personnel, and 10% as warrent or regular
duty officers. Among the enlisted personnel, approximately 28% were in
engineering rates, while the remaining 72%.were in nonengineering rates.

The Psychological Battery

Materials used for the screening battery consisted of two widely used
and well-validated personality questionnaires, the Sixteen Personality
Factor Questionnaire (16PF), Form A, and the Clinical Analysis Questionnaire
(CAQ), Part II. Both instruments present objectively worded items in a
multiple choice answer format. In all, a total of 331 items were included
in the screening battery.

The 16PF is designed to measure key personal qualitites that determine
characteristic behavior response patterns. It was first published in 1949
and has been revised five times since, most recently in 1968. It is one
of the most widely used inventories in the world and an extensive normative
data base has been established for it. Individual scale reliabilities range
from .72 to .84.

The CAQ measures pathological behavior tendencies in terms of 12 major
clinical syndromes. These include seven separate indicators of depression,
in addition to such classical disorders as paranoia, hysteria and schizo-
phrenia. More than 15 years of research and practical application have
confirmed the psychometric credibility of this instrument. Individual scale
reliabilities range from .67 to .86.

Together, the 16PF - CAQ combination provide reliable information on
28 personality characteristics. Three validity scales are also embedded
within these tests. One checks for the tendency to "fake good," another
for the tendency to "fake bad," and the third detects random or inattentive
response patterns.

For accuracy, all tests were computer scored at IPAT's central office
in Champaign, Illinois. If necessary, test scores were corrected for faking
tendencies. On the whole, however, faking was not found to be a serious
problem in the group of Coast Guard personnel who participated in this
project.
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Development of a Screening Decision Model

Reliable and fair assessment of large groups of individuals requires

that clear rules be consistently applied. Case-by-case judgments by indi-
vidual psychologists are likely to produce great inconsistency (see, for
example, Meehl, 1954), as well as prove unrealistic and uneconomical.
Scientific research over the past 30 years has reliably shown that clinicians
are good at determining what information is relevant to a particular decision

but not at utilizing that information consistently enough in individual c ,-e_.
For these reasons, we decided to establish a tormal weighting system

that would generate an overall index from the many pieces of information
available to us. Technically, this procedure is described as linear model

building. The weights selected for the model are those which preserve a
high relationship between the overall index score and the target behavior,
i.e., psychological suitability for weapons use.

In cases where the target behavior is fairly simple to quantify, statis-

tical procedures can be used to determine an optimal set of weights. But
when the target behavior is complex, statistical soultions are not always

possible. Instead, it is necessary to rely on existing data bases from which
a rational set of weights can be derived. Although the weights selected in

this manner may be less than optimal, the predictive utility of the overall
approach has been shown to be better than that achieved by individual judges
(Dawes, 1979).

For this project we constructed a linear decision model by incorporating
some features from an existing one of demonstrated reliability. The develop-

ment of this earlier model has been described by Krug (1981) in the context
of screening utility industry personnel for security access to nuclear gen-
erating facilities. The concept has been extended to the problem of reactor
operator certification, where the ability to make decisions under pressure
plays a crucial role.

We began with this model with which we had had several years of screen-
ing experience and with additional information we had availabole from work

in the area of law enforcement screening (IPAT, 1981). However, certain re-
finements were introduced into the model in response to unique Coast Guard
needs and concerns. This was made possible through the input of a group of
12 senior officers familiar with use-of-force issues and boarding party actions.

The model actually developed for this project can be most easily under-
stood by reference to five functional clusters among the measurement scales.
The clusters, in order of importance, are labeled mental health, emotional
maturity, integrity/control, intellectual efficiency and interpersonal re-

lations. In terms of component scales, these clusters may be considered
independent, but they are closely analogous in many respects to broad secon-
dary patterns that have been factorially established for the instruments

comprising the battery.
Mental health contributes the greatest amount of variance to our model,

with 32%. It encompases essentially all of the pathology scales from the
CAQ, Part II. The normal personality dimensionsof the 16PF are apparent in
the remaining clusters. Emotional maturity, which taps characteristics of

stability, self-confidence, tranquility and adaptability is next at 22% of
the overall variance. It is followed by integrity/control, measuring self-

control and conscientiousness while contributing 19% of the variance. A-
nother 16% of the variance is associated with intellectual efficiency, which
is reflected by characteristics of objective realism, practicality, analyti-

calness and precision. Interpersonal relations, a cluster consisting of
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assertiveness, self-sufficiency, openness, venturousness, and enthusiasm,
contributes the least amount to the total variance - only 11%.

Psychometric Evaluation of the Model

The decision model we developed therefore consisted of a linear combin-

ation of 26 component dimensions. Two of the CAQ scales, agitation and

psychopathic deviation, were dropped because the a priori evidence for their
impact on the target behavior was inconclusive. An individual's score on
each component dimension was multiplied by a weighting factor propo cional

to its importance in the overall model. These weighted scores were then
added together to yield a single value that we call the Screening Decision

Model index, or SDM.
We adjusted the weighting factors so that the SDM would have a range con-

sistent with the 16PF and CAQ scores from which we started. Consequently,
the SDM score values can range from 1.0 to 10.0. The expected average is
5.5 and the standard deviation is expected to be 2.0. In general, higher

scores are better and lower scores are poorer in terms of psychological suit-
ability for weapons use. On the whole, the Coast Guard sample tested well,

with an average for the group of 6.26. About 64% of the cases fell above
5.5 on the index.

The reliability of the SDM index can be calculated by means of a formula
given in Guilford (1954, p 393). By this formula, the composite reliability

of the SDM was determined to be .91. This is far above average with respect
to most personality scales and attests to the inherent stability of the model.
Given its standard deviation and reliability, the standard error of measure-
ment for the SDM is expected to be about 0.60 score units.

Several approaches were taken with respect to documenting the validity
of the model. A considerable amount of validity evidence bearing on the
issues of performance under stressful conditions and general adjustment was
initially abstracted from published sources. In effect, this body of lit-

erature guided our thinking substantially at the time we originally set out
to create a rational method for evaluating psychological fitness regarding
weapons management.

We later evaluated the model against the combined 16PF-CAQ clinical data

base reported in the respective test handbooks (Cattell et al, 1970; Krug,
1980). In these publications, data has been presented for about 5,000
clinically diagnosed adults. It is compiled as mean profiles for various
diagnostic groups. These groups represent a broad spectrum of psychological

disabilities, ranging from the confused, disorganized thought of schizo-
phrenia to the destructively antisocial behavior of the criminal. Obviously,

they are the kinds of individuals we would like to find on the low end of
the SDM index.

We checked this hypothesis by calculating a statistic called the co-
efficient of congruence between the SDM weighting pattern and the pattern

of score deviations for each of 27 diagnosed clinical samples. This statis-
tic is defined as the quotient that results from dividing the sum of the
cross-products for two patterns by the square root of the product of their

respective sums of squares (Harman, 1976, p 344). In 16 of the samples,
mean profile information was available only on the 16PF normal scales but
not the additional evidence of the CAQ clinical scales. The associated sig-
nificance levels of the congruence statistic were adjusted accordingly.

From the perspective of psychological suitability, validity of the
model would be demonstrated by finding significant, negative congruences

between the two patterns. The relationship between the SDM weighting factors
and the pattern of group deviations was, in fact, in the expected direction.

1533



That is, the SDM index tended to emphasize precisely the opposite qualities
that characterize clinical populations. The degree of discrepancy was
statistically significant in each of the 27 comparisons. Complete details
of these analyses are presented in an appendix to this paper.

Thus, the SDM we developed consistently selects for those personality
characteristics that promote healthy emotional adjustment. Another way
of putting this is to say that the higher an individual's SDM score, the
less likely is the possibility that person would act in an uncontrolled
or unpredictable fashion. One reasonable conclusion is that the ability
to react appropriately under pressure is better in those with higher SDM
scores than those with lower scores.

In a third approach to indirect validation of the SDM, we drew over
2,000 individual cases from our existing 16PF-CAQ data base. Of these,
467 men and 457 women were normal adults who had been tested as part of the
national standardization of the tests. There were 946 other individuals
who were hospitalized or receiving outpatient therapy for some psychiatric
disturbance at the time of testing. Of the total, 17% were diagnosed as
schizophrenic, 15% as having a personality disorder, 12% as neurotic, 8%
as drug dependent, 28% alcoholic. The remainder of the group showed no
consistent diagnostic patterns. A third sample of 446 convicted felons
was also drawn.

We calculated SDM scores for each of these 2316 individuals and con-
trasted their scores with the results of the Coast Guard personnel. Again,
the clinical and convict populations contain the kinds of individuals we
hope the SDM would screen out: maladjusted, uncontrolled, disorganized,
sociopathic. The adult normal group provides an independent contrast group
for determining base lines. The results are shown in Figure 1.

Scores of 1 or less on the SDM index are found about 25 times more
often in a clinical population than in the total Coast Guard sample, and
about 4 times more often than in the population as a whole. The situation
is quite similar for the convict sample. In general, low scores occur far
more often for maladjusted than for normal individuals.

By establishing a cutoff we can translate these data into a direct
validity (phi) coefficient. Based on the total sample of 924 normal adults
and 946 clinical cases, the correlation between the SDM index and a dichoto-
mous "normal vs. maladjusted" criterion is .33. This is significant beyond
conventional statistical levels and about typical in size of validity co-
efficients found in applied selection research. With respect to the convict
sample, the validity coefficient is slightly lower, .26, but still highly
significant.

Demographic information was available for the normil adults in our data
base and so we also were able to evaluate possibly irrelevant sources of
variance in the SDM score. A significant age effect was found in the pop-
ulation at large. Older people tended to have higher SDM scores than young
people. Within the project sample specifically, this trend was confirmed,
but it was not nearly as dramatic (r= .10). There were no significant
findings with respect to sex or race. That is to say, sex and race do not
seem to have any impact on the magnitude of the SDM score.

Results

Having satisfied outselves that the SDM index was both a reliable and
valid indicator of suitability for weapons use, we proceeded to render a
fitness judgment with respect to each individual in the Coast Guard project
sample. In this phase, three qualification levels were distinguished.

Level 1. Test scores of individuals who scored below 3.0 on the SDM
index were reviewed on a case-by-case basis by two IPAT psychologists. Work-
ing independently, they nevertheless concurred that each profile showed
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sufficient disturbance to warrant a personal interview. These were des-
ignated as Level 1, or unacceptable, risk group.

Level 2. We reviewed test results of individuals who scored above 3.0
on the SDM index and felt that some, though not all, of those also warranted
a personal interview. It was our conclusion that, above 3.0, some addition-
al signs should be present in the profile itself to substantiate a recommen-
dation for individual follow-up. After studying the cases, we reached the
decision that a Level 2, or marginal risk, assignment should be made if the
SDM score was between 3.0 and 5.2 (one half standard deviation below the
Coast Guard norm) and the individual had score deviations at or below the
15th percentile on more than two of the contributing pathology scales.

Level 3. Individuals who were not otherwise classified by these previous
decision rules were assigned a Level 3 risk classification. Their current
psychological makeup showed no evidence of factors that would appear to render
them unsuitable for duties involving appropriate weapons usage judgments.

On the basis of these decision rules, 47 individuals were assigned a
Level 1 classification, 47 individuals a Level 2 rating, and 615 were assign-
ed to Level 3. Figure 2 illustrates the relative proportions of cases
falling into each category. Those receiving ratings of Level 1 or 2 were
referred for individual follow-up by Coast Guard mental health professionals.
The outcomes of that phase of the project are discussed separately.

Earlier, it was noted that the overall Coast Guard performance is better
than that of an unselected, normal adult population. Nevertheless, 13.2% of
the survey group was referred for further evaluation. Since this was a pilot
project, we elected to refer the borderline cases as well as the clearly un-
acceptable cases. By referring a larger number of "problems" for personal in-
terview, we hoped to have a stronger empirical basis for establishing cutoffs
in the event the program were later implemented throughout the service or used
as part of recruitment screening procedures.
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Figure 2

Distribution of Project Participants Among Three

Categories of Psychological Suitability
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Appendix

Congruence Between SDM Weighting Factors and Profile
Deviations for 27 Diagnostic Syndrome Groups

Syndrome Description
or Diagnostic Group rcc Sample Size

Narcotic Addiction -82 64
Criminals* -81 891
Personality Disorder-
Unspecified -79 76
Passive Aggressive
Personality -78 42
Functional Psychosis* -77 105
Acute Undifferentiated
Schizophrenia* -76 41
Neurotic Depressive
Reaction -75 70
Personality Disorder-
Antisocial Type -75 34
Chronic Undifferentiated
Schizophrenia -73 33
Alcoholism* -73 1019
Sociopathy* -72 28
Manic-depressive Psychosis
Depressed Type* -70 53
Neurosis* -70 272
Neurosis -69 26
Suicide Attempters* -69 50
Anxiety Neuroses* -67 80
Suicide Attempters* -67 50
Alcoholism -67 230
Acute Undifferentiated
Sclizophrenia -66 116
Neurotic Depressive
Reaction -64 31
Schizophrenia
Schizo-Affective Type* -64 27
Narcotic Addiction* -64 937
Personality Disorder
Inadequate Personality Type* -63 54
Personality Disorder
Obsessive-compulsive Type* -63 29
Child Abusers -59 78
Personality Disorder

Anti-social Type* -58 97
Paranoid Schizophrenia -57 59

• For this sample, only 16PF scores were available.

NOTE: Significance levels associated with the distrubution of the congruence
coefficient are as follows: 16PF only - .01 level = -.68 and below,
.05 level = -.52 to -.67; 16PF and CAQ: .01 level = -.57 and below,
.05 level - -.41 to -.56.
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Psychological Screening for Weapons Use:

an Introduction

Robert P. Palese, Ph.D.

U.S. Coast Guard Training Center
Governors Island, New York 10004

In Sept. of 1980, Third Coast Guard District personnel contracted with the

Institute of Personality and Ability Testing (IPAT) of Champaign Illinois to
develop a screening technique to be used for selecting personnel for armed

Boarding Party Duty. Preliminary determination resulted in the composition of
a three-part, pencil-and-paper screening battery. The materials used for the

screening battery consisted of two booklets containing objective items in a
multiple-choice answer format.

Booklet one contained two widely and well-validated personality
questionnaires, the Sixteen Personality Factor Questionnaire (16PF) and the

Clinical Analysis Questionnaire (CAQ).

The 16PF was designed to measure key personality qualities that determine
characteristic behavior response patterns. It was first published in 1949 and

has been revised five times since, most recently in 1978. The CAQ measures
pathological behavior tendencies in terms of 12 major clinical syndromes. More
than 15 years of research and practical application have established the
psychometric credibility of this instrument. Together, the 16PF-CAQ
combination provided reliable information on 28 personality characteristics

(factors).

Booklet two contained two experimental instruments. The first instrument
was the Life History Questionnaire, developed at Cornell Medical School, which

contains clinically oriented scales that measure specific aspects of

assertiveness, fear, and worthlessness. The second instrument was a 13-item,
achivement-type test constructed by IPAT with the assistance of Coast Guard law
enforcement and training personnel. The items represented situations requiring

use-of-force decisions that might reasonably be encountered in the line of duty
and were based on real incidents. For each item, a series of response options
were provided ranging from maximum deadly force to complete withdrawal.

The population identified for participation in this project consisted of

all Third Coast Guard District personnel who were, or could reasonably be,

assigned to Boarding Party duty. A rcster of 948 individuals was drawn up by
*Q Third District security and readiness personnel according to duty station.

Individual sets of test materials were then prepared by IPAT and distributed in
appropriate quantities to each unit commander.

Test materials were received back for 730 individuals. Because 21 had

failed to complete all materials, boarding party suitability judgements could

be made in 709 cases only.
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The average age of this sample group was 23, with a range from 18 to 43.
; With regard to gender, the sample group was predominately male (96%). In terms

of rank, about 70% of the group could be classified as junior enlisted
personnel, 20% as senior enlisted personnel , approximately 28% were in

r -. engineering rates, while the remaining 72% were in non-engineering rates.

The results of the project provided sufficiently reliable data for the
construction of a 26-factor screening decision model (SDM). The SDM was
comprised of all 16PF factors plus 10 of the 12 CAQ components. Neither the
Life History Questionnaire nor the 13-item, use-of-force decision test
contributed significantly to the decision model and so were relegated to a

provisional status.

Next, individual test scores on the 26 factors of the SDM were
systematically compared by computer with thousands of profiles maintained in
IPAT's data base of normal and psychiatric profiles. Results from a series of
statistical analyses were combined with the clinical judgements of IPAT staff
psychologists to arrive at a set -)f decision rules. These rules allowed the
IPAT staff to distinguish three levels of suitability amoung Third Coast Guard
District personnel:

(1) Level 1: those who represented a serious risk of acting
inappropriately with respect to use-of-force decisions;

(2) Level 2: those who represented a marginal risk of exercising
inappropriate judgements;

(3) Level 3: those whose psychological makeup appeared to represent
little or no risk

The application of the decision rules led to the assignment of 47 (6.6%)
individuals to Level 1 and an equal number of individuals (47) to level 2. The
remainder (615) of the original 709 usable participants were assigned to Level
3.

Complete psychological reports for each individual were generated by IPAT
and forwarded to Third Coast Guard District mental health professionals. Those
personnel assigned to Level I or 2 were referred for individual follow-up
evaluation by that staff in order to determine their actual "fitness" for
boarding-party duty.

The results of the screening p)rogram piloted in the Third Coast Guard
District suggest that a simple pencil-and-paper technique may be useful in
facilitating personnel utilization decisions. The final judgement on the

* utility of such a technique awaits the results of the validation process
* discusseu above as well as some future criterion-validity studies whereby an
-- individual's performance as part of a boarding part can be predicted from a

knowledge of prior test performance on the 16PF and CAQ.

Perhaps more importantly, the study piloted here could serve as a model
for the implementation of a more comprehensive testing program geared toward
providing information which could potentially help solve several problems faced
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by the Coast Guard in the areas of personnel selection, utilization, and

retention.
The Coast Guard's current approach in the preliminary evaluation of

enlisted personnel at the boot camp level involves medical certification and
ability testing. Recruits certified medically fit for active duty who succeed
in the rigorous regimen of boot camp training then use their scores on subtests
of the Basic Test Battery to select a rating for which they desire training and
hence job placement. The availability of information concerning a recruit's
interests and temperaments and the worker traits required by particular
occupational specialties would greatly facilitate the decision process as well
as promote a more mutually advantageous man-job "fit". Personnel engaged in

work for which they posses interest and are educationally and emotionally
suited have the potential to derive deeper satisfaction from their work and
therefore may be more productive.

Minimally, there is a real potential for a savings in dollars since it has

been demonstrated that the intrinsic reinforcement of a particular occupational

position and not other expensive perquisites (i.e., shorter work weeks,
bonuses, health benefits, etc.) is the most important determinant of a positive

reenlistment decision (Wehrenberg and Patterson, 1981)
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Psychological Screening for Weapons Use Suitability:
The Coast Guard Law Enforcement Mission Requirements

Commander John E. Williams, Chief, Intelligence & Law
Enforcement Branch, U.S. Coast Guard Third District

Governors Island, New York

Summary

Throughout its history, the Coast Guard has been charged with the
responsibility of enforcing federal statutes within the coastal boundary
waters of teh United States. In recent years, the major emphasis has
focused on control of drug smuggling activities as well as preventing
illegal entry by foreign nationals. These potentially tense situations
present the risk of hostile or uncooperative actions to which a forceful
response may be necessary.

In 1979, a policy directive was issued concerning use of force in a
boarding party action. Essentially, it required that all boardings be
conducted on an armed basis and that all personnel assigned to such duty
be properly certified to assure the maximum degree of safety to the public
and individual members of the Coast Guard. This included verification by
the field unit commander as to an individual's judgment and stability.
Given the constraints of manning and training at all isolated stations, the
requirements of the policy, and in particular the need for personal eval-
uation by a superior officer, posed a serious challenge to field district
command staffs.
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The Coast Guard has been involved in law enforcement since its con-
ception. The Coast Guard was established 4 August 1790 for the purpose
of stopping the lucrative smuggling trade that was flourishing at that
time. Although the Coast Guard has assumed many other roles and missions
over the years, law enforcement has remained a primary mission. At times
in our history the law enforcement mission has received much more emphasis
then at others; at some points it was almost non-existent.

After curbing the smuggling business which caused our conception, the
law enforcement mission fell to low priority and remained so until the
Prohibition Era. This era has often been referred to as the "hay day" of
Coast Guard law enforcement due to the major role the Coast Guard played
in the interdiction effort. With the repeal of Prohibition, the law
enforcement mission again fell to one of minor importance. During the
period after Prohibition until the early seventies Coast Guard Law Enforce-
ment was primarily oriented towards Boating Safety which consists of
boarding and checking pleasure craft for compliance with federal law
and regulations. These boardings were conducted unarmed.

In the early seventies, with the increased drug use in the country,
particularly marijuana, the Coast Guard was again called upon to interdict
the flow of contraband from sea. This twist to the law enforcement mission
required the occasional arming of boarding parties. The Fishery Conser-
vation and Management Act of 1976 added yet another twist to the law en-

- forcement mission. At the same time the drug interdiction effort continued
to expand. As a result, the Commandant of the Coast Guard established a
policy where-by a commanding officer could arm his boarding parties when
he deemed necessary. This policy resulted in what the public perceived to
be unequal or discriminatory law enforcement; e.g., "Why did you board my
vessel armed and not board the other persons vessel armed?" To reduce any
feeling of discriminatory law enforcement, yet deal with the realities of
boarding situations, teh decision was made to arm all boarding parties no
matter the reason for each boarding. However, the net result was that few
Coast Guard units were able to meet the requirement. Many units did not
have small arms on board nor did they have small arms trained personnel on
board to conduct the boardings. A crash training program was immediately
undertaken to train Coast Guard personnel in the use of small arms. Soon
a standard service-wide policy on small arms training and qualifications
was issued by the Commandant. To be certified qualified to carry a weapon
during an armed boarding, an individal must (1) have fired a qualifying
score with the type of weapon carried, (2) have successfully completed the
"Shoot, Don't Shoot" course of fire (this is a course of fire where-by an
individual is shown a series of situations on a screen and must make the
decision whether ornot to shoot), (3) have had instruction in the Comman-
dant's policy on the use-of-force, and (4) his Commanding Officer must have
determined that he possesses the temperament and judgment necessary to make
reasonable and correct use-of-force decisions under pressure. In order to
retain his weapons qualification, the individal must be requalified annually.
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The Coast Guard, like the other services, is plagued with personnel
shortage and turnover problems; people are cu..stantly changing jobs. Pre-
sently, tours are two to three years in length. Most of teh more junior
enlisted personnel spend far less time than that at their units. This
presents a major problem not only in getting personnel qualified and re-
qualified, but many Commanding Officers feel uncomfortable about attesting
to the temperament and judgment of an individual they barely know and have
not observed under stressful conditions. Due to personnel manning levels
about the units, the Commanding Officer cannot afford the luxury of
waiting until he has had sufficient time to observe the individual before
making this all important decision. If the Commanding Officer is to
accomplish his mission, he must have another fully qualified boarding
officer to replace the boarding officer being transferred immediately, not
months down the road. The Commanding Officer thus finds himself in the
proverbial position of "between a rock and a hard place."

In order to assist the Commanding Officer in making this decision, the
Third Coast Guard District embarked on a project to develop a written
psychological test that would provide the Commanding Officer with sufficient
information about the individual's psychological profile so that he can
confidently make important decisions as to the indivdiual's suitability for

2weapons use immediately upon the individuals reporting aboard that unit.

After a review of the commercially available psychological tests, it

was determined that none were suitable for Coast Guard use in their current

form. Therefore, it was decided to develop a psychological test custom
tailored to the Coast Guard's unique Maritime Law Enforcement Mission.

op.
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Psychological Screening for Weapons Use,

A Clinical Validation of Measures

byAD P00 142
LCDR Frank J. Winn, Jr., Ph.D.

Every year recruits with prior psychiatric histories are allowed to enlist

or are enlisted without the recruiters being aware of their condition. A recruiter

may suspect a problem but, under laws dealing with medical record confidentiality,

*" it cannot be pursued. In a few cases recruits are instructed by recruiters not

to say anything about their psychiatric problems.

Coast Guard regulations state that an individual with a psychotic condition

cannot be enlisted. For active duty personnel a psychotic episode or neurosis

is grounds for evaluation by a Central Physical Evaluation Board with recommendations

for medical retirement and referral to a Veterans Administration (VA) facility.

The cost to the government of enlisting an individual suffering from a VA

ratable disability is staggering. The average life expectancy of a male is

approximately 72 years. Assuming that a ratable disability is identified early in

the first enlistment, that the individual is earning approximately $600 per month,

and that he/she is awarded the minimum percentage required to receive a monthly pension

then it can be expected that the individual will be awarded in excess of $108,000

over their lifespan. This Is the amount received from the service and does not include

any adjustments or compensation received directly from the VA.

Many individuals with problems are identified and released from active duty while

in basic training. Others manage to make it through their basic training, especially

if they react well to a structured environment. Many, but not all, of the individuals

who do make it through basic training subsequently decompensate when they reach the

relatively unstructured environment of the Coast Guard small boat station. It is

important for the Coast Guard to identify not only those individuals with overt

psychiatric problems but those whose problems are not yet overtly manifested.
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The screening of personnel with psychiatric problems became crucial with the

Coast Guards' decision to arm all boarding parties Until a few years ago the

majority of Coast Guard bcardings were of the search and rescue variety. In the

last several years, however, the number of law enforcement boardings has increased

dramatically. It was felt that it could only be a matter of time before a patrol

-* craft was fired on since siesure of a boat ladened with drugs could cost the

owners and/or crewmen millions of dollars and prison terms.

There %re three possible outcomes to an armei boarding conducted by Coast

Guard personnel. The first otiome is that an unstable sailor could decompensate

and wound or kill an individual during a routine boarding. A second possible

outcome of an armed boarding is that an unstable sailor could freeze in a tense

situation that required the legitimate use of force. This outcome could lead to

the injury or death of a shipmate. The final outcome of an armed boarding is

that each sailor will only use his weapon under the appropriate conditions and

at the appropriate times. Fortunately, this has been the case to date. Given

the ramifications of the first two outcomes the Commander, Third Coast Guard

District decided to explore the feasibility of using a battery of tests to aide

unit commanders in the selection of personnel to carry weapons..9 The Institute
for Personality and Ability Testing (IPAT) was-ntly selected to construct

an instrument that would meet the needs of the Coast Guard and conduct a pilot

study on personnel within the Third Coast Guard District to determine its effective-

ness. IPAT was selected because of their work with populations involved in high

stress industries, their work with firearms management, and their familiarity with

military populations.
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The construction of the tests, ttir validities and reliabilities, the

administration of the test and the generation of protocols are discussed in

companion papers. Basically, test respondents iere divided into three risk

categoriess Level 1, those at serious risk of acting inappropriately on use-of-

force decisions Level 2, those at marginal risk of exercising inappropriate

Judgementl and Level 3, those who represent little or no risk. This report

deals with the results of the clinical interviews on those Level 1 and 2

personnel identified by IPAT to be at risk to carry weapons. The purpose of the

clinical interviews was to assess the accuracy of the tests in identifying

potentially unstable personnel,

Subjecta The Third Coast Guard Distrct identified 948 individuals who were

or could be assigned to boarding parties. From the original roster only 629,

or 66% of those originally identified, could be tested. IPAT subsequently

referred the names of 94 individuals they identified as being at risk to use

weapons. Forty-seven individuals were from Level 1 (serious risk) and 47 were

from Level 2 (marginal risk). An effort was made to contact all of those individuas

identified by IPAT to be at risk. However, approximately half of the group had

been transferred to other Coast Guard Districts or had been released from active

duty. Individual interviews were conducted with 27 subjects (58%) from Level 1

and 26 subjects (55%) from Level 2.

Seven individuals were discarded from all consideration. Their data was

not included in any analyses nor were they considered in the determination of the

above sample size. Two of the seven were from the same station. These individuals

were informed that they would not be granted liberty, after a weekend of icebreaking,

until they had completed the tests. As might be expected, they answered the tests

in a random fashion. In addition, two male caucasions and one male Phillipino were

.' found to have difficulty in reading comprehension. Since three of the personnel
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had difficulty understanding the test questions a decision rule was adopted

to discard those individuals who scored between sten 1 and sten 2 on the factor

that IPAT had labelled academic achievement, Of the seven who were discarded

one individuals SDK sten was one, two individuals had SDM stens of two, three

had SDK stens of three and one individuals SDM sten was four. The individuals

who were discarded ranged from 9-1 to 3-7 in lay grade.

Procedures Shortly after the test scores were returned from IPAT the various

units were contacted. In the initial contact it was determined if the personnel

identified as being at risk were still assigned to the unit. If the individuals

were no longer assigned to the unit an effort was made to determine if the

individual was released from active duty (RELAD), transferred out of the Third

Coast Guard District or transferred within the district.

Most of the individuals not available for interview had been transferred

out of the Third Coast Guard District or had reached the end of their normal

enlistment. Because of restrictions imposed by the freedom of Information act

it was not possible to determine the reason for the release of all the individuals

who had not reached the end of their normal enlistment, It was learneds however,

that one Petty Officer was discharged for Incompetency, one for disciplinary problems

and three for the good of the service.

Interviews with those "at risk" sailors still assigned to the Third Coast

Guard District were arranged through their group commanders. All hands, from the

Group Commanders to the sailors being interviewed, were told that that those

individuals to be Interviewed were randomly selected by IPAT. They were instructed

that the interviews were being conducted to provide a clinical validation for the

computer decision, whatever that decision might be. After the interviews- except

for several isolated cases where it was thought that an individual posed an

Immediate risk to himself or others - the people interviewed and the commands were

not informed of the results,
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" .- Results and Discussions The IPAT battery contains three validity scales.

Specifically, the 16 PF and the Clinical Analysis Questionaire can be scored for

an individuals tendency to fake good, to fake bad, or to provide random or

inattentive responses. The clinical interviews did not uncover evidence to doubt

the reliability of the fake good or fake bad scales. The interviews did provide

evidence that the validity scale used to identify random and inattentive responses

was not as sensitive as predicted.

Of the 27 Level 1 individuals identified by IPAT to be at serious risk we

concurred in 23 cases following personal interview, Of the 26 Level 2 individuals

identified by IPAT to be at minimal risk we concurred in 15 cases* The number

of false positives identified by IPAT in Level 2 was to be expected because the

IPAT model was conservative and allowed for a greater number of Type I errors,

It is expected that as the test is put into wider use and the data base increases

the number of Type I errors will decrease.

* The data obtained from the clinical interviews were analyzed to see how well

" they fit the predictions provided by IPAT. A X2 analyses was conducted to determine

if the number of Level 1 and Level 2 individuals found not fit to carry weapons,

through clinical interviews, differed from that expected. The number of Level l

and 2s that were found not fit to carry firearms did not differ from what was

expected (X 2-1.684, p>0.05). The distributions of those found fit and not fit to

carry firearms, across 5 SDM sten categories, was analyzed. The results of the

analysis tend to indicate that the distributions were drawn rn the same population

(X2-6.658, p)0.05). A third analysis was conducted to determine if the distribution

of those found not fit to bear arms was different from that identified by IPAT.

An analysis of the distribution across the 5 SDM sten categories indicated that

it did not appear to be significantly different from that identifid by IPAT (X2 -q.65,
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p PO0.05). A final analysis was conducted to determine if the distribution of those

found fit to carry firearms, after clinical interview, was the same or different

from the distribution identified by IPAT. An analysis of the frequency distribution

across the 5 SDM sten categories indicated that the distribution was different

* from that identified by IPAT (X2-9.96, p(0o05). The reason for the possible

. differences in the distributions is that the IPAT model overestimated the pathology

because of their conservative decision rule. The overestimation of the pathology

across the 5 SDM sten categories resulted in an underestimation of the number

* capable of handling firearms appropriately and because of the small sample

sample size of healthy individuals within the sample, the shape of the distribution.

In summary, it would appear from the analyses of the clinical data that

IPATs' battery of tests can be used as a valid indicator to determine who is at

risk to carry firearms on a boarding party.
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Panel: Analysis of the Impact of the Organizat inal Effectiveness (OE)
Program of the Army

Chair: Laurel W. Oliver, US Army Research Institute

Presenters: U. S. James, Arthur Young and Company; L. W. Oliver, US Army
Research Institute; M. D. McCorcle, Southern Methodist

University; J. R. Mietus, US Army Research Institute

The US Army Research Institute for the Behavioral and Social Sciences
(ARI) has been conducting research on the impact of the Army's Organizational
Effectiveness (OE) program. The OE program provides assistance to commanders
by internal consultants who have been trained in the utilization of manage-

ment and behavioral science skills and techniques to improve combat effec-
tiveness. The model underlying the collecting of data to assess the impact
of the OE program is presented. The methodology of the data collection is
outlined, and two illustrative case studies are described. The problems of
measuring change in Army organizations are further delineated by the presen-
tation of a sociotechnical systems intervention in an Army organization in -

Germany. The attempts to document change in an organization with high turn-

over are described, and implications for future field research are noted.
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ASSESSING THE IMPACT OF THE ARMY'S ORGANIZATIONAL EFFECTIVENESS (OE)

PROGRAM: MODEL, METHODOLOGY, AND ILLUSTRATIVE CASES

Introduction

The Army's Organizational Effectiveness (OE) program uses behavioral

science technology to improve the effectiveness of Army organizations.
In the civilian community, these management and behavioral science skills
and techniques are known as Organization Development, or OD. In the Army,

OE is the application of selected OD methods in a military environment.
The objective of the OE program is to provide assistance to commanders for
improving mission performance and increasing combat readiness. This assis-

tance is provided by consultants--Organizational Effectiveness Staff Officers

(OESOs) and Organizational Effectiveness Noncommissioned Officers (OENCOs)
who have been trained in a 16-week course at the Organizational Effectiveness
Center and School (OEC&S) at Fort Ord, California.

The Army Research Institute (ARI) has been conducting research to assess
the impact of the OE program. The purpose of this paper is to discuss that
research. Specifically, we offer a conceptual model of organizational change,

debcribe the methodology of the research, and present two illustrative case

studies.

Model of Organizational Change

An organization, or any social system, is always in a state of change.
The type of change this model addresses is planned change that requires the

support of a User's (commander's) subordinates for implementation or accep-
tance of the change. This model is concerned with those planned changes

which are carried out as a part of the Army's Organizational Effectiveness

(OE) efforts.

There is some confusion about the use of the term "Organizational
Effectiveness." Unless it is used in conjunction with its historical (and
more broadly accepted) predecessors such as organizational development and
process consultation, the OE term can be misused. Thus, we are addressing
only those planned changes which require subordinate commitment to obtain
improved organizational effectiveness.

The conceptual model which is emerging from our research on organizational
* "change is composed of several components: actors linked by their roles to a

set of processes which lead to a hierarchy of outcomes.

Actors

There are three types of actors:

1. The User or client--the person who is in charge of the organization
(the commander).
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2. The OESO (Organizational Effectiveness Staff Officer) or OE consultant.

3. User subordinates--the individuals in the client organization below
the user. More specifically, those individuals who are involved in an inter-
vention or change project because their future support is required for the
change to work.

Processes

There are three types of critical processes which must be managed during
the change. These processes include applying a theory of practice, supplying
structure, and insuring diffusion of information. While there may be user
responsibilities related to the processes, the consultant or OESO is primarily
responsible for ensuring that these processes occur.

Applying practice theory. The OE consultant must have r set of alternative
strategies through which a chang. process can be executed. The overall strat-
egy is generally based on an action research model and, depending on User needs,
may emphasize certain aspects of this or another model more than others. It
is of great importance that an outcomes orientation be a part of this practice.
The OE consultant furnishes the practice theory concepts through which the User
can develop a desired future progression. As the change process progresses,
the plan can be altered in any dimension. However, the plan must be there for
the User to know where to proceed and where he/she has been. Thus, intended
outcomes for each step of the strategy are defined and assessed in conjunction
with the next step. Desired organizational outcomes are clearly identified
and defined in measurable terms by the User and User subordinates as early in
the change process as possible.

Supplying structure. The consultant clarifies the User's intended outcomes,
organizes them in a meaningful manner, and provides any needed training in order
to eliminate unnecessary confusion and obstacles as the intervention progresses.
The role of the OE consultant is in this case analogous to that of a construc-
tion engineer who must build a bridge between the organization's present condi-
tion and the User's intended outcomes for that organization.

Insuring diffusion of information. Finally, the OE consultant must become
a communications engineer, developing and energizing systems for exchanging
information about the OE operation. This information exchange progresses from
areas of greater concentration of information to areas of lesser concentration

of information and back again.

Roles

The primary means by which the actors are connected to the process is
through their roles in the change process.

User's role. The role of the User is to seek to understand the data and
practice theory strategy provided through the consultant in order that future
actions can be taken to remedy problem areas. This requirement necessitates
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significant commitment since frequently the User is part of the identified
problem. The User must also be willing to involve subordinates both in find-
ing a solution and in the implementation process for those solutions which
require their support.

OE consultant's role. The consultant's role is one of considerable com-
plexity. It includes three major responsibilities:

1. Assisting the User in choosing and defining issues/problems
suitable for an OE operation. The OE consultant must be able to clarify
the potential benefits and risks involved in the use of OE methodology.

2. Actively integrating both User and subordinate needs in a way
which uses valid information as a basis for all activity.

3. Providing an appropriate and flexible practice theory strategy
which stresses outcomes, is supported by necessary structure, and is
diffused throughout those parts of the organization affected by the
intended change.

Role of User subc 'inates. The subordinates' role is reactive at
first. Their role becomes more active as individuals are given opportunities
to influence the way in which the organization functions. As people are
given these opportunities, they develop expectations about the
future return on their contribution. The many cycles of contributions
and returns are referred to as psycho-economic transactions. Throughout
an operatio these transactions have an important cumulative effect.
For the greatest subordinate commitment to occur, individuals must
experience returns on their contributions which meet or exceed their
expectations. If their expectations are met and they are permitted to
assist in finding solutions to important organizational issues/problems
using valid information with the freedom to -make what they believe are
their besL choices, it is very likely that they will be committed to the
resultant solutions.

Outcomes

The model depicts a causal flow which implies that improved organization-
al effectiveness resulting from an OE operation is based on innovation and
change to which those affected are committed. The commitment occurs because
the OE practice-theory strategy met subordinate expectations through positive
psycho-economic transactions, involved an opportunity to influence important
organizational matters, and resulted in solutions which were based on valid
information and permitted the use of free choice.

Mediating Factors

For an intervention to be successful, all of the processes described above must
be present. In addition, there are factors which mediate the relative success
of the change process: a need for change within the organization, a change
that is within the control of the unit involved, a goal orientation on the
part of the actors, and a supportive environment.
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Need for change. The success of the change effort will be greater to
the extent that there is a legitimate need for change within the organization.
The success of the change will be further enhanced if members of the organi-
zation have perceptions that a change is needed.

Change within control of organization. Unless the desired change lies
within the control of the organizational unit, the success of the change is
problematical. While it is possible that a change might be effected, the
probability of success is necessarily much lower.

Goal orientation. A goal orientation on the part of the actors will

increase the probability of a successful change.

Supportive environment. The OE process must take place in an environment

which is supportive of change. If the environment proves to be nonsupportive,
the probability of successful change is diminished.

Method

Design

This is a study to produce grounded theory (Glaser & Strauss, 1967)
through the collection of a sizable number of OE operation cases obtained
throughout the Army. Each cell of the Case Selection Matrix (Figure 2) was
to have been filled with four cases. If feasible, two cases were to have
had successful outcomes, and two less successful outcomes. The successful
and less successful cases in each cell were to have been compared to determine
those differences which led to improved outcomes in an OE operation of that
cell type. The data were to be collected through structured interviews and
from relevant and easily accessible organizational records. The resultant

* information was then to be coded using an extensive codable variable scheme
* (Dunne & Swierczek, 1977). A case report describing the case details and

outcomes was to be prepared, and the cases were to be assessed using a grounded
hypothesis emerging from the data collection. The resultant revised and re-
fined grounded theory was to address the goals of the project:

1. To determine those situational variables which appear to affect the
outcomes of an OE operation in a significant manner.

2. To identify a set of replicable OE consultant actions which were
highly correlated with successful operations, regardless of organization
type.

Sample

The desired sample size was 48 OE operations with more cases collected
from the larger major commands (MACOMs)--Forces Command (FORSCOM), Training
and Doctrine Command (TRADOC), and Department of the Army Readiness Command

IA
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(DARCOM). Thirty-five cases have been collected and will be used to prepare
the findings of the study. The larger MACOMs--FORSCOM, TRADOC, DARCOM, and
the United States Army in Europe (USAREUR)--are well represented.

Selection of individual cases in the field was determined primarily by
case availability and the access permitted by MACOMs to field sites. In
general, our field units were cleared by the MACOM OE Office, and we were
given OE offices and OESOs to contact. Upon contact, these OESOs were pro-
vided with desired case characteristics. We preferred operations which:

* Had been completed long enough for some effects to have taken place.

* Were not transition workshops or some sort of abbreviated application
but somewhat representative of action research based operations.

e Occurred in larger organizations and related to the organization's

technical functions.

* Involved a User and an OESO who would agree to be interviewed.

e Finally, were representative of both successful and less successful
operations.

FORSCOM policy restricted data collection to designated locations and
time periods. Thus it was necessary to collect six cases at a single site
within a one-week period. This constraint in many instances precluded the
selection of the most desirable research cases. Some MACOM OE offices made
fairly obvious attempts to provide us only with their "winners." At this
point, however, it does not appear that these constraints made a noticeable
difference in overall operation quality or outcomes in the sample.

From a purely statistical perspective, the resultant sample is probably
not representative of the entire Army. From a practical view, it appears to
us that our sample is representative of OE methodology being employed in the
field. As can be seen in Figure 2, the cases tend to cluster in Organization
Types I and II (smaller and less complex) and Intervention Types A and B
(simpler, shorter-range impact), as we had anticipated in the original re-
search plan. In those cells, it appears that we will have enough data to
meet the objectives of our study, and attempts will be made to generalize
from the more limited number of cases in the remaining cells.

Measurement of Variables

The instruments used draw upon the multi-variable coding scheme of
Dunn & Swierczek (1977). This instrument consists of approximately
1600 variables which describe behavioral or perceptual elements which
can be discretely assessed when information is obtained from the User,
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OE consultant, and subordinate individuals involved in an operation. The

structured interviews with both User and OE consultant are driven by the coding
scheme and function as a crosscheck on information provided by these
two key participants.

The coding scheme and interviews cover all aspects of the OE operation
from entry through evaluation. While some portions of the coding scheme
cannot completely represent the great number of potential varieties of OE
applications, the scheme does appear to incorporate most significant elements.

It should be emphasized that when interviews are conducted, the interviewers
are careful not to skip or ignore excursions in the operation's process.
All actions in the operation are tracked to conclusion in the interview
process to the depth permitted by the interviewee. While there are no
empirical data for the actual coding scheme being used, we believe that
it is a reasonably reliable instrument because it describes small, verifiable
behavioral events or outcomes.

Data Collection

Separate structured interviews with the User and OE consultant were generally
conducted and tape recorded by persons with previous extensive military
OE experience. Following the User interview, at least one focus group in-
terview with user subordinates was conducted. The group normally consisted of
5 to 12 persons who had a direct relationship with the operation's intended
outcomes and who were present in the command prior to and throughout the
operation. The groups were generally horizontal or diagonally structured
to avoid chain of command relationship conflicts and encourage openness.

The focus group interview provided information about those outcomes
perceived by the subordinates -- the extent to which the subordinates
attributed the outcomes to the OE operation, the importance they assigned
to the changes, and the potential location of recorded information substan-
tiating the perceived changes. When such locations were identified, an attempt
was made to collect hard data.

Cases were then coded, and a summary of the OE methodology and findings
written. Outcomes information was organized using Kirkpatrick's taxonomy
of reaction, behavior, and hard outcome measures (1967) for both intended
and unintended results.

Analysis

The cases are currently being analyzed. The coded variables for each
OE operation are being entered into a computer, and statistical procedures
will be employed to determine the relationship of the coded demographic
and behavioral variables (or groups of variables) to evaluations of success.
The written case reports are being reviewed along with interview notes
in order to assess these data in relation to the grounded model presented in
this paper.
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At this point in the study, the following hypotheses are emerging:

* OE operations which purposefully concentrate on both the social
organization and the technical aspects of an organization accom-
plishing its mission are more likely to bring about tangible
results.

e When the process outcome of generating commitment is not under-
stood/adhered to by an OE consultant or User, subordinates fre-
quently adopt a negative perception about the purpose and use of
OE in the Army.

e The process outcomes occurring during an OE operation, and the
final outcomes of the operation are largely determined by the
goal orientations of the User, OE consultant, and--to a lesser
degree--subordinates.

* The success of an operation, regardless of organizational type,
first appears to be based on the consultant's ability to respond
to the organization's needs with appropriate practice-theory
strategy which (1) is results-oriented, (2) insures that there
is appropriate structure, and (3) permits the diffusion of appro-
priate resultant process information to those expecting it.

* Even though substantial, desirable outcomes result from the oper-
ation, organizational members below the User will generally view
the operation as a failure if the process is conducted so that
subordinate psycho-economic transactions are negative. Conse-
quently, to avoid damaging the OE Program's image and to accomplish
outcomes which result in subordinate commitment, OE applications
must be chosen and conducted with great care.

Illustrative Cases

Description of Cases

Two cases, one very successful and one less successful, are briefly
described below using the grounded theory described in this paper. Ratings
of structure and diffusion are on a five-point scale: Very High, High,
Medium, Low, Very Low. Comments concerning the combat support battalion
are on the left, those pertaining to the combat battalion are on the right.

ORGANIZATION TYPE

Combat Support Battalion Combat Battalion

A

SIZE

185 Persons 735 Persons
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PURPOSE OF USING OE

Sincere attempt to improve General assessment for battalion
battalion wherever possible. commander who just took over the
Outcomes not clear, unit. Recent past of battalion

indicates high level of turbulence
in leadership and problems within

unit.

DATA COLLECTION j
l1

GOQI
- 75% of organization surveyed. Individual interviews with officers

Individual and Group interviews"- Unstructured, open-ended questions

75% of organization covered, used.
Extensive field observation and
successful attempt to establish
empathetic relationship with
User subordinates in field.

Structure: High Structure: Low
Diffusion: High Diffusion: Low

FEEDBACK

Individual session for User Individual feedback given to User

Individual session for officers Feedback essentially "data
with User. dump" of interview comments.

Individual session for Senior NCOs.

Additional sessions offered to any

officer/NCO desiring individual
feedback

Great care taken in display

and conduct of these sessions.

Structure: High Structure: Low
Diffusion: Very High Diffusion: Very Low

'The General Organizational Questionnaire (GOQ) is a military adaptation of

the Survey of Organizations (Taylor & Bowers, 1972).
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PLANNING

User conducted own planning Battalion problems increased four
process with his officers and months after User feedback. User
NCOs. OE consultants were not asked for assistance. OE consultant
involved. Planning occurred offered to provide one-half day
immediately after feedback issue identification and problem-
sessions. solving workshop. OE consultant

designed unstructured process for
two groups: staff group and com-
mand group.

Structure: Unknown Structure: Low
Diffusion: Very High Diffusion: Very Low

IMPLEMENTATION ACTIVITY

User, with officers and NCOs, A one-half day workshop for staff
developed action plan to address and command officers was conducted.
nine issues identified in feed- Command group refused to do tasks.
back/planning processes. A Had OE consultant intercede on their
task team was established to behalf with User. At confrontation
ensure that momentum carried meeting between command group and
over after User's imminent User, User vowed to increase meetings
transfer. with command group and staff and change

his behavior to reduce crisis manage-
ment within unit. Workshop employed
had very little structure.

Structure: Very High Structure: Very Low
Diffusion: Very High Diffusion: Very Low
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General Comments on Cases

The combat battalion appeared to be affected more than the combat support
battalion by outside pressures. These pressures were caused by the response
of the commanding general of the division to the battalion's poor performance
and the requirement for the battalion to prepare for the Ready Deployment
Force. OE was perceived by both the User and his subordinates as a "nice-
to-do" activity rather than as a way of solving pressing problems.

Both battalions indicated that there was ample reason for change and that
most of the desired changes were within the control of the organization. The
Users of both battalions indicated that the environment did support the use
of OE. An assessment of the OE consultant and User goal orientation, as well
as a summary of their ability to provide structuring and diffusion, is pro-
vided below:

Goal Orientation Structuring Diffusion

Combat Support Battalion

OE Consultant Moderate High Very High
User High

Combat Battalion

OE Consultant Low Very Low Very Low
User Moderate

At the moment, the above ratings are based on a subjective assessment of the
operations described. The analysis of the coded variable scheme will provide
greater objectivity, although the general conclusions are expected to remain
essentially the same.

Discussion

The research approach described here represents an attempt to understand
the organizational change in the Army by sampling a large number of cases
across a range of OE interventions and organization types. An effort will
also be made to correlate characteristics of the cases with the degrees of
success or failure which are attributed to an OE operation. From this study,
a preliminary grounded model of successful organizational change has been
developed. Further analysis will provide opportunities to test that model.
Additionally, findings will provide information which can be used to guide
OE program policy and the training of OE connultants.
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The study is limited in a number of ways. These limitations include:

* Lack of access to combat unit cases in USAREUR.

e Being forced to collect six cases in one week at times and at installa-
tions designated by FORSCOM. This constraint probably reduced the
quality of some of our data collection methods and resulted in the
collection of cases of lesser value to the study.

* Being forced to rely on what happens to be available in each case.
As noted in the Interim Report for this project, even though evaluation
is emphasized in the OE curriculum, there are a great many reasons
why most OESOs ignore this activity. Our data collection substantiated
this situation. Of all the cases we collected, we found only one which
had been conscientiously evaluated. In many cases, neither the OESO
or the User knew what outcomes had resulted from their operation.

e The general lack of an outcome orientation in most OESOs and Users

imposes the most serious limitation on the study. If those involved
in an operation fail to specify the outcomes they desire, it becomes
a matter of conjecture when anyone attempts to link causally the
OE process with results. The conjectures are further weakened when
they are based on individual historical reflections which may often
be inaccurate. Consequently, there are instances in which we could
have been misled. It is also possible that in some cases, there
has been more positive change than the User of subordinates was
aware of or willing to attribute to OE. Unfortunately, this is a
"Catch 22" situation. Even if we had discovered these elusive changes
ourselves, it is likely that those involved would not have agreed that
OE caused them. The long-term solution to this problem is a sincere
attempt on the part of OESOs and Users to adopt an outcomes-oriented
or goal-seeking change strategy so that they know "where they are,
where they want to go, and when they get there."

J1 -
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Case Selection Matrix for Evaluation of OE Operations
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Figure-2. Case selection matrix for evaluation of OE operations.
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The Problem

The environment for the military in general is becoming more complex
and faster moving. There is a need for more military organizations which
themselves are more complex, faster acting and reacting, which design them-
selves for a mission and environment which is unique today and then redesign
themselves for a changing situation in the future. These organizations gen-
erally utilize high-technology and their membership is educated. What methods
can these units use to sense and adapt rapidly and properly to a changing
environment? Which combinations of technology, work structures, organization
designs and procedures are appropriate in which environment? In studying
this problem, how can the field researcher systematically study both the
development of techniques and procedures to help these organizations self-
adapt and also study the impact these new techniques have on organizational
performance?

To put it differently, what measurement methods are appropriate in a
formative and smimative evaluation study in which the sample size is one,
environmental variables affecting the sample are changing, there are no
comparable sample organizations, and the treatment itself is designed to
impact on all aspects of the sample and its relationships with its environ-
ment?

If the organization is more effective, whatever that is, after the
treatment, should the treatment be considered as possibly having had an
effect? More importantly, how does one know if one properly and competently
administered the treatment?

Illustration of the Problem

To illustrate the problem and provide us with material for discussion,
I shall relate a recent Army Research Institute project in sociotechnical
systems analysis as applied to the World-wide Military Command and Control
System, Data Processing Center - Europe (WWMCCS, DPC-E).

The military has, like the rest of western society, an increasing
number of specialized, high-technology organizations which must adapt to

changing technology, staffing, and mission environments. Examples are the
data processing centers, signal units, and the air defense units in West
Germany. In 1978, sociotechnical systems analysis methods seemed appropriate
as a way of helping these units assess and redesign themselves, but practical
research remained. A contract was let to Dr. Bill Pasmore at Case Western
Reserve University's School of Management. Pasmore was to develop and try

The views expressed in this paper are those of the author and do not
necessarily reflect the view of the US Army Research Institute or the
Department of the Army,
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out a model of sociotechnical systems analysis adapted to the military. The
target unit would be the WWMCCS, DPC-E. I was the Contracting Officer's
Technical Representative and was on site the first year of the project as
a consultant. Note that the purpose was to develop and try out a model
adapted to the military, not demonstrate the effectiveness of an already
developed model.

Sociotechnical systems theorists argue that the human and technological
subsystems of organizations operate according to different sets of laws,
and that making one as efficient as possible may have unfavorable effects on

, the operation of the other; therefore, for the organization to operate smoothly
overall, it is necessary to design each system with respect to the other. To
accomplish this joint optimization, the Commander, with the help of recommen-
dations from an expert consultant and unit members, over time, reassesses and
modifies where necessary the unit's organization structure and policies, tech-
nologies, task structures, and work methods.

The WWMCCS, DPC-E is located in Heidelberg, West Germany in the Headquarters
of the US Army - Europe. It serves as a communication link for the Joint Chiefs
of Staff and as a command and control information systems developer for the
headquarters. The director of the facility saw the following challenges in
the years ahead: (1) decreasing number and skill level of personnel; (2) need
for a mobile capability in addition to the present fixed station posture;
(3) increases in total demand for services and a changing type of demand from
users.

The overall project strategy could be summarized as a recurring cycle of
analysis, recommendations, and implementation. Organization members at all
levels would be heavily involved, with the consultant passing on necessary
skills to members so they could continue the process after the consultant was
gone.

First Data Collection

At the beginning and end of the 20-month time frame during which the con-
sultants periodically visited the unit and carried out the intervention, an
intensive data gathering operation was conducted using a survey questionnaire,
interviews, observation, and archival data. The survey instrument, very broad
ranging yet in-depth, measured organizational climate, work and job character-
istics, satisfaction, formalization of procedures, distribution of power, and
demographics. The initial data suggested the unit was in fairly good shape.
Employees were satisfied with the design of their jobs, supervision, co-workers,
rewards. They were motivated by their work, were learning useful skills, and
liked their location.

Seventy-eight percent of the unit members were interviewed. Questions
were developed by both the consultants and two "core groups." The core groups
were parallel organizations within the unit formed to provide an additional
sensing/feedback mechanism to the command group. They were composed of 8 to
12 members, recruited from all levels and parts of the unit. Interview data
showed individuals working in different parts of the unit held widely diver-
gent views about it. While the interviews again demonstrated a general
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satisfaction with the organization, they did also show, in various sections
of the unit, that there was dissatisfaction with the work itself, training,
fairness, measurement of productivity, cooperation across boundaries, rela-
tions with users, and instability of personnel.

The third major assessment was of the technical systems. Adapting
methods used primarily by industrial engineers, the consultants assessed
role descriptions, skills needed, team and individual goals, task activities,
information used, problems encountered, and recommendations for changes in
task procedures. A variance matrix was developed which showed impact of

* problems in one part of the organization on other parts. From this analysis,
needed changes in organization design, policies, and procedures could be
identified.

Thus, while there was a clear need in the director's mind to prepare for
changes in the future, the present state of the unit was reasonably satisfac-
tory. It was operating effectively and to the general satisfaction of most
of its members. The need for change was not readily apparent nor was change
desired by many personnel. The critical issues were to prepare it for the
future and to help it improve its productivity without lessening its quality
of work life. The unit would be ideal for the development of a model for
sociotechnical systems analysis, but far less desirable as a site to demon-
strate the power of the model.

Changes Made

Several major and many minor changes were made in the unit. Each change
was thoroughly thought out and talked over by the core group, by management
and the consultants. Decisions were made to move from a fairly standard
organization design to a matrix design; this in turn would allow the forma-
tion of small temporary project teams and more formal emphasis on skill
training. Performance contracts for both project and skill development were
to be agreed upon, and rewards would be tied to performance. The core group
was to be continued.

Interview data were gathered by the core group members and the consul-
tants throughout the time period of the change, with a formal interviewing of
about half the unit one year after the start of the project. It was obvious
that the change process here was a slow and difficult one, and the unit was
still learning and deciding about itself.

Later Data Collections

About five months later, the WWMCCS DPC-E took part in a major exercise.
This is viewed as the real test of the system's capability. Compared to
years past, user demand exploded. New technology put the unit's services
in much greater demand for programming, training users, and installing tele-
communications equipment. At the same time, there was a slight decrease in
unit personnel strength and skill level. The unit trained and serviced sig-
nificantly more users and increased programmer support of exercise activi-
ties by 15 percent while maintaining existing duties.
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Four months later, a second survey was readministered to the unit. Note

there was about 80 percent turnover in respondents between the first and sec-
ond survey. There were no signiifcant changes in organization climate, sat-

isfaction, or other attitudes. The unit will be looked at again in the Spring
of 1982 in much the same way.

My colleague, Ul James, and an associate, looked at the unit intensively

for about 2 days in August 1981. Using structured interview methodology,

they found little awareness of change or improvement among unit members.
Unit members attributed the hard outcomes of improved exercise performance

not to the sociotechnical systems operation but to the good management and
hard effort of the unit. There was some question as to whether the change

to the matrix was either very smooth or didn't occur.

Thus we have a difference of opinion on what occurred and why it occurred.

Different methods of data gathering at different points in time revealed dif-

ferent aspects of the organization. To what extent are these different view-

points correct? How does one measure an organization as this one is?

Restatement of the Problem

To sum up,hield research in organizations is costly in time, money, and

the potential for error. Often, it is desirable to get a formative and summa-

tive evaluation of a new treatment at the same time. Yet in this problem the
unit is chosen because it is changing in its technology, personnel, and envi-
ronment, and is unique. What generalizations can be made from such a study?
The problem area seems a proper field of inquiry, yet there are no accepted

or proper methods of inquiry. What measurement methods are appropriate to
(1 determine how well the treatment is being administered and.-Y-determine
impact of the treatment, when the sample organization is chosen because it
is unique, constantly changing, and important.

Major Reference

Pasmore, W.; Shani, R.; and Kaplan, M. Sociotechnical Approaches to
Organization Change in USAREUR. US Army Research Institute for the Behavioral

and Social Sciences, Draft Final Report, 1981.
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Alternative Approaches to the Design and Analysis of Objectives-

Referenced Competency Tests

O'Neil, Harold F., US Army Research Institute for the Behavioral and

Social Sciences, Alexandria, Virginia (Chair); Baker, Eva L., Choppin,

Bruce, & Quellmalz, Edys S., UCLA Graduate School of Education, Los

Angeles, California. (Thurs. P.M.)

The need to describe trainee competency in relation to specific
tasks and skill levels requires approaches to the construction and
analysis of criterion test situations quite different from current
methodologies. In "Matching Tests with Instruction," Eva L. Baker
will describe the design of a system for matching explicit content
requirements of instructional and testing tasks, estimating their "fit"
and assessing the cost of the process. Edys S. Quellmalz will draw
upon cognitive learning research to describe a continuum along which
features of test-like tasks can approximate the information bases and
cognitive operations trainees must activate in actual situations.
Alternative validation procedures will also be described. Bruce
Choppin describes how latent trait modeling of test responses can be
used to define a scale of performance in terms of specific tasks and to
locate an individual examinee within a region of the scale.
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Matching Instruction and Tests

Eva L. Baker
Director, Center for the Study of Evaluation

UCLA Graduate School of Education

* This paper puts forth the thesis that much of extant testing practice
is wasteful owing more to habit, routine, and appeal to dysfunctional
-heory than to the actual decision needs the tests are intended to serve.
An analysis of tests by decision purpose and focus is presented. Articu-
lation across different decision foci may be achieved by attending to the
task level. This level is critical both to the assessment and certifica-
tion of competency and to the design of instruction. Other decision needs
may be served by sampling and aggregating analyses from the task level. A
specific procedure is presented for dealing with the match between instruc-
tion and test tasks, and a research agenda to resolve critical issues is
discussed.

Introduction

The arguments addressed in this paper are three: 1) that much of

practice in testing is inefficient; 2) that focusing attention on the

task level of performance will give us both better control and understand-

ing of student performance; 3) that the critical work needs to be done in

matching instructional with performance features in a non-trivial way.

That present testing practices can be improved is axiomatic. However,

the particular focus for improvement is not necessarily the refinement of

various tests and indicators that already exist. The root of the problem

goes back to the litany of validity: that tests have different purposes.

Unfortunately, the practical consequence of this statement has been to

create a separate test for every purpose. Justification for the profusion

of tests comes from reliance on the authority of fading psychometric

theories, habits, and penchant for "scientific" numbers rather than from
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clearheaded analysis of decision needs. Without a doubt, tests are needed

for different decisions. Figure 1 presents a list of frequently used test

purposes. Figure 1

Applications of Test Information

A. B.

Uses Directly Affecting Students Uses Affecting Programs

1. Admissions 1. Modification (formative)
2. Placement
3. Diagnosis 2. Validation (summative)
4. Branching
5. Certification 3. Comparison (summative)

Test purposes in column A directly bear on the student's educational options.

Different opportunities will be available to him depending upon his own

test performance. In column B, effects on students are indirect. Find-

ings for students matter only as they are aggregated to permit inferences

about program operations. A subsequent cohort of students, of course, will

* be directly affected by such program-oriented decisions. But not those

who provide the data at the time of testing.

In most educational systems, students are, by necessity, sorted and

assigned into educational offerings of differing complexity. At issue is

whether separate tests ought to be used to make these decisions. Referring

again to Figure 1, column A, using a typical university as an example, we

can illustrate the inefficiencies of many current systems.

For example, admission is determined by test performance on the

Scholastic Aptitude Test (SAT), a measure nominally of acquired educational

expertise. On the basis of SAT, the student is either admitted or rejected.

Next, he is given a test for the purpose of placement in a special program

targetted toward basic skills. The purpose of this test is to determine

whether basic skill special services are needed...whether and not what ser-
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vices are required. After placement into a special course to improve writ-

ing, for example, the individual course instructor administers a set of

tests to diagnose which particular deficiencies are most acute. Although

the university setting is not known for branching instruction (except on

the basis of student self-selection), some decisions, e.g., to receive tutor-

ing, will be made based on students' performance on classroom assignment and

within-course tests. The certification decision, however, may include a

course-specific final examination, a departmentally administered test, or

readministration of the original general placement examination.

Decisions about programs in this same example may be made on data

remote from the actual learning focus. Program improvement needs may be

gauged by attendance, other measures of student compliance, instructor

satisfaction, and professorial review of the "content" of courses. Vali-

dation of most instruction remains a tautological exercise, since measures

and instruction rarely are judged in ways that are not inextricably bound

.a repetition of the chicken-egg dilemma. A more refined analysis of

testing includes the focus (or insides) of the instruments themselves in

order to determine whether information at the appropriate level of speci-

ficity has been collected as intended. Figure 2 expands the Figure 1 an-

alysis by adding test focus and illustrative indicators.

Figure 2

Test Purpose, Focus, and Indicator

PURPOSE

1. Admission Global aptitude/achievement Norm-referenced tests

4 2. Placement Content in topical area Content subscales of norm-
referenced tests

3. Diagnosis Task Domain-referenced achieve-
ment tests

4. Branching Task/methods interactions Adaptive testing/"Aptitude"
treatment interaction (ATI)

5. Certification Tasks sampled under range of Domain-referenced tests
conditions approximating job
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Test purposes 1, 2, and 3 simply reflect a successive series of re-

fined sortings, moving from gross prediction to more precise description

of what students can and cannot do.

An efficient testing system should attempt to collect data as infre-

quently as necessary in a resource conserving manner. Let's return to the

university example. If we were truly interested in students' ability to

use writing to communicate ideas, then such a measure could be given as

part of the basis of the admission decision (since such tests correlate

at about the same levels as grades, and other concurrently academic tests).

The resulting student performance could be scored diagnostically to eliminate

the need for additional testing for placement and to reduce greatly the

burden placed upon the instructional system itself (the instructor, re-

sources, etc.) for finding out about the student's competencies. By focus-

ing on the task level, one can achieve test purposes for admissions, place-

ment, .diagnosis, and certification. The need for "branching" decisions

will depend principally upon the adaptive capabilities of the instructional

system itself (noted to be at the university not very good). Yet, the logic

used to identify tasks for some sort of ATI assignment would be consistent

with the analyses of the task in developing a domain-referenced test.

Needed subdivisions would depend clearly on the range of alternatives avail-

able for students and the need for detailed information to match assignments.

(For most instructional systems, branching options are undertaken at levels

considerably grosser than our state-of-the-art analysis can handle.)

What is manipulated, then, in this system is the number of samples of
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performance collected, and, to some degree, the level of detail for review

of students' work. When relatively gross decisions need to be made, such

as admissions or placement, then only brief samples of test performance

might be required, and testing time greatly conserved. When decisions for

remediation, bypass, or certification were addressed, more attention could

be given to the representativeness of the tasks sample or the details of

*!i achievement of subtasks. When inferences are to be made about the quality

of instructional programs, then aggregation in analyses and student and

task sampling would be required.

The savings for an approach of this sort are clear, for the most critical

resources we have is the time and energy needed for careful development.

That investment would be concentrated to measures of important tasks of

learning rather than diffused into the development, administration, anal-

ysis and interpretation of sets of different measures. This recommended

procedure would abolish the "levels" problem inherent in successive sort-

ing requirement and change the question from "articulation" among levels

to the decomposition and aggregation of data about the .same task set.

By investing a good deal of attention at the task level, we may make

the system more rational; at the same time, we increase the risk of error.

If our analysis of tasks and the indicators used to infer accomplishment

is wrong, then the costs to the system are higher. The third point of

this paper is to outline broadly an orderly and serious line of inquiry

that examines task requirements. What is special about this research is

that task examination proceeds from the outset with concerns for instruc-

tional effectiveness. Although other systems for task and ii ruction

matching are in use and are being refined, the need remains for more inten-

sive study of the deeper connections between outcomes and instruction.

1578



The benefits of good fits between test outcomes and instruction are

many: 1) They permit us to describe instructional proc-rams; 2) they can

serve as a heuristic for design or revision of programs; 3) they can reduce

the cost of iterative developmental trials.

Available procedures

Much of the extant research on matches of instruction to testing do

not make integrated use of findings from cognitive studies of learning

and appear to depend to a great extent on refined behavioral analyses.

Some work has been conducted using matrices of content and process and

applying them to both test content and instructional material and texts.

These efforts attend to the topic overlap, and using the analysis in

Figure 2, relate more to the attempt to describe imprecisely developed

systems, (e.g., commerical tests and texts) focused on "topic", the

level at which students are sorted or placed, rather than on the learning

task itself. Even in more rigorously developed systems, matches of test

and instruction are based upon relatively gross analysis of cognitive re-

quirements, or on technology and structures proposed by Bloom, et al.,

1956; Gagne, 1973, Merrill, Reigeluth, and Faust, 1977. At best these

techniques function as heuristics. They employ procedures of self-inter-

rogation by the developers, e.g., "Is X really an instance of this concept?"

The actual content requirements of the learner, in terms of cognitive de-

mands is relatively untouched. In some cases, where trainees are to learn

one and only one procedure, then such levels of analysis are probably cost-

effective. But if we move to concern with general-thinking and problem

solving skills, and concerns for students' ability to comprehend the re-
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lationship of relatively complex information, then such analysis represent

only a starting point. I will outline the agenda for research on instru-

*tion and testing, not by trying to acknowledge all the partial attempts

that might have relevance, but to focus most directly on my view of the

least number of components that require study.

Instructional -Task Configurations

A complete model of an instructional system would include the sorting

and placement decisions outlined in Figures 1 and 2, as well as descriptions

of learners' abilities, (schema and experience), teachers, settings, ma-

terials, hardware and task measures. Since the case has been argued for

task focus, we would enter the system at the level of tasks to serve as out-

come indicators of manipulable instruction. Even within this relatively

limited area, a great many research options exist.

Features. Our research operates from Lhe assumption that an inte-

grated and comprehensive set of descriptors (specifications) guides the

development of both tasks and instruction. What features should be used

to set these important boundaries? A first candidate is the cognitive

processing requirements for the to-be learned siills, with attention to

"metacognitive" demands as well as requirements for quick, accurate re-

trieval, reference, and networks. These features may also need to be

characterized in terms of the specific content used. This research may

be less relevant for those idyosyncratic tasks that require the application

of one procedure to one set of content. But if our goal is to produce in-

dividuals capable of performing a range of tasks rather than one only, it

is a more efficient learning strategy to attempt to connect these tasks on

some common basis, rather than teaching by rote a great number of specific
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routines. To characterize tasks, for instance, we might want to develop

sor:e rudimentary theory of the content of tasks, looking at level of detail,

specialized meaning, embeddedness in other meaning networks, or hierarchical

structure. So the boundaries or "features" of the matching task include

both cognitive processing demands and type and complexity of information.

Fit. A second critical component of this research is the match or

fit between instances of test task or instruction set by the boundaries

of the above features. What constitutes a fit or match? How do you go

about finding one? Two particular areas for study are 1) the degree and

confidence of congruency; 2) the vantage point from which the match is

made. Most efforts at fit or match are based on casual inspection and

an on-off choice, i.e., it matches or it doesn't. Agreement among raters

is rarely computed, since only one or two people might be making the

judgment. Our research in the analogous and partial problem of matching

test instances to domain-referenced test specifications suggests that

matches often involve selective attention by different raters to relatively

trivial cues, e.g., the number of response alternatives in a test item.

Using the concept of fuzzy set, (that is, belongness is not an on-off

proposition) game-like notions of probability (that is, how much do you

bet...?), and providing cues to attend to the critical features' dimensions

of cognitive processing requirements and content, the fit issue can be ex-

plored. Keep in mind that we are talking about matching both test tasks

and instruction to the same set of parameters.

A second concern with vantage point addresses the process by which

whatever procedure for identifying congruency above is actually applied.
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"Front-end analysis" as its name implies often begins with looking at the

outcomes and tasks. Other researchers, Hively et al., look first at in-

struction, studying what "successful" instructors do. An entire line of

"school effectiveness" studies is based on this same proposition. If in-

struction is taken as a vantage point, one would have to attend to the

extent to which instruction intents (whatever they may be) get diffused

and deflected by the processes in the classroom. Focusing on instruction

raises the complexities of studying actual processes rather than plans.

What information and skills are transmitted, how they become refracted

by teachers' misunderstandings, diffused by inaccurate translations,

are part of what instruction is about.

Verification. To this point, planning has been a focus of this paper.

In the acknowledgement of the importance of verification, we move directly

to the instructional and testing settings. We are interested in what has

been delivered and the extent to which our characterization of features

and fit is useful. Two specific questions are addressed here. The first

is "Th what extent have we identified the critical features shared by

testing and instruction tasks? The second is "Have we characterized the

fit accurately?" Both questions address different aspects of validity.

We would suggest that these verification questions need to be studied by

close-up encounter with the actual events of instruction and testing. Such

detailed descriptions can help refine our understanding of the translation

from plans to action. We may also need to revise what we call critical

features. We also need to reconsider the tasks originally identified by

verifying the necessity of on-the-job requirements.
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Only by relatively independent verification cycles can we break the

tautological links between our views of important tasks and instruction.

An additional concern in the verification process is the extent to which

the task under study is worth the cost of careful front end analysis, in-

cluding feature identification, etc. The feedback from the verification

activities could be used to change the degree of confidence required

(either raise or lower it) for the match itself. In certain areas, it

may not be worth the cost.

Conclusion

This process of focusing on tasks and the match of outcomes and in-

struction is not recommended unreservedly for most or even much of the

curriculum of training for any institution in the same way that no partic-

ular routines of test administration or analysis are appropriate across

the board. The attempt here is to identify the critical elements for the

development of the test/instruction connection for those tasks that are

most important. Importance is a matter of policy and not research.

4
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CRITERION-REFERENCING OF PERFORMANCE
BY LATENT-TRAIT SCALING

by
Bruce Choppin

Center for the Study of Evaluation
University of California, Los Angeles

ABSTRACT

' Conventional true-score approaches to criterion-referenced tests
break down when such tests are used for classificatory purposes.
Latent trait modeling can help in this situation, but it is
appropriate to question whether this classificatory use of
criterion-referenced tests Is what is needed. Latent trait
modeling of test performance can enable straightforward criterion-
referenced interpretations of test scores. As the use of testing
for individual diagnosis increases, criterion-referencing with
latent trait models is likely to become even more attractive.
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Criterion-Referencing of Performance by Latent-Trait Scaling

Over the last 15 years the two major developments in the field

of educational measurement have been criterion-referenced testing and

the development of latent-trait models. Each topic now commands a

substantial proportion of the available space in professional

journals and each has benefitted from the close attention of some of

the most creative minds and clearest thinkers in our field. Yet,

remarkably little of this thinking has been directed towards bringing

these two developments together, or into positions from which they

could support each other. (A notable exception to this is van der

Linden's article in the current issue of the Review of Educational

Research to which I shall refer later.)

Criterion-referenced measurement was originally envisaged

as a system which permitted the interpretation of test performance

In terms of some external criterion. The test score would be used

to relate the individual's performance to a meaningful scale of tasks

rather than merely conveying information about the individual's

standing vis-a-vis other persons who bad taken the same test.

Performances from the field of athletics, and examinations such as

the driving test and measures of typing proficiency were often cited

as examples.

In recent years, however, this conception of criterion-

referencing has been steadily replaced by another, better suited for

use in decision making situations. Educational decisions (in common

with many others) frequently depended on which of two categories or
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classifications contained a particular object or event. In

education once the concept of mastery learning had become fashionable,

the classification was often according to whether or not a mastery

state h.d been achieved (Meskauskas, 1976). If achieved, then the

instructional program could progress; if not, then some remedial

work was indicated. This situation was modeled with idealized

domains of items all of which were focused on this particular discrim-

ination between masters and non-masters. One psychometric model on

which a considerable amount of work has been published makes the

intrinsically satisfying assumption that all the items comprising

a domain are of equivalent difficulty, and that mastery of the domain

was to be equated with the ability to respond correctly to all the

items which comprised it. Other approaches, which allowed for

item difficulty variation within the domain, sought to estimate

the proportion of the domain which individual students had mastered.

Of course these models are not realistically portrayals of actual

educational measurement situations. Domains are rarely so well

defined. Items are related in varying degrees to the variable to

be measured and contain differing amounts of irrelevant and

contaminating content. They are not all of equal difficulty.

Neither, in many situations, are they selected randomly from the

domain for inclusion in tests. Yet the models should not be rejected

for these reasons. All models necessarily simplify in order to

represent the crucial features of a complex situation, and should

not be expected to be a true reflection of reality. Indeed it is

precisely this simplification of a real situation that give them a
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a potential value.

The attempts to extend classical item analysis procedures to

derive indices such as reliability, validity, and discrimination for

criterion-referenced tests are carefully considered by van der Linden

in the article to which reference has already been made (van der

Linden, 1981). He points out that, particularly in the area of

test validity, serious objections can be made to all the methods

that are in common use. These objections include:

(a) the effect that variations in item difficulty have

on the pattern of responses in the pretest-posttest

situation which is often used for determining

criterion-referenced test validity;

(b) the lack of quality control for the intermediate

instructional experiences in the same pretest-

posttest design;

(c) the dependence of many of the models Cand the

parameters they contain) on the size of the

variance of performance among the sample of people

who provide the validating data.

At issue, of course, are the characteristics of the test

instrument at and immediately around the cut-off point. Further, it

has been argued (e.g., Glaser & Nitko, 1971) that criterion-referenced

validity of a test score requires that the score itself has an

external referent, i.e., that it be interpretable in terms of

specific levels of behavior in a defined domain. Conventional

statistical analyses of criterion-referenced test data do not provide

this.
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In his review, van der Linden takes on the problem of mastery

classification by considering a criterion-referenced test's

measurement characteristics: validity, reliability and discrimination

at the cut-off point. In this context, he argues for the use of an

item information function derived from a latent trait model, and

then he demonstrates the application of this approach to criterion-

referenced test construction by identifying items that do not

discriminate well at the cut-off point.

This approach, employing the item information function, works

in theory with all the latent trait models, but for the models with

two or three item parameters there may be great difficulties

of interpretation. Although such models order a set of items uniquely

in terms of their difficulty parameters, this ordering is not in

general the same as the ordering of the probabilities for a correct

response to each item by any particular student, and in particular

by a student at or near the cut-off point. These complex models

are proving valuable for detailed study of test-taking behavior

under varying conditions, but tbey do not provide a convenient

basis for measuring students, nor for making dichotomous classifications.

For these operations we need sets of items that fit one parameter

models where such can be developed (Choppin, 1981).

I wish to take issue with only one aspect of van der Linden's review

which is implicit throughout his whole treatment, and made explicit

in his final paragraph. This is the notion that since criterion-

referenced testing is now almost always used for decision making, it

is appropriate to treat criterion-referenced tests as instruments

designed to classify (into "mastery" and "non-mastery" groups)
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rather than to measure. Unfortunately we have no precise methodology

in general use for establishing the cut-off point beyond which

mastery can be confidently assumed to have occurred. Methods such

as :he Nedelsky procedure for organizing expert judgment in an

objective fashion mask the fact that the necessary bridge between

test item response and learning theory has yet to be constructed

(Glaser, 1981). I recall from the very early days of the Mastery

Learning Movement a time when 80% or more of the students scoring

80% or more on the test was the necessary and sufficient condition

for the teacher to infer "mastery" of the material, and to move on

to the next unit. As far as I know, there was no empirical evidence

to support the use of these percentages. I do remember that rather

more than 10 years ago Ben Bloom asked me how many questions you

had to ask a student to be sure that he had mastered any single

objective. My reply went something along the lines, "For typical

test items, you should be looking for a score of 3 out of 3, or if

you want to allow the possibility of an accidental error then ask

for a score of at least 4 out of 5". 1 hope that that was not the

beginning of the 80% criterion.

To clarify the point, let me turn to my favorite everyday latent-

trait, temperature, and the practical realization of its model for

measurement - the thermometer. The thermometer is a measuring

instrument calibrated so that we can give consistent external

meaning to a range of different temperature observations. Where we

need only to classify temperaturesinto two classes around a defined

cut-off point, we substitute for the thermometer a deqenerate form

of it, the thermostat. Thermostats are effective, but they have a

1600



very limited range of applications - and their sensitivity at the

cut-off temperature is perhaps their most important feature. The

validity, reliability and discrimination (sensitivity) of the thermostat

is established empirically by repetitious use. If we were able to

perform similar experiments in education to validate cut-off points

for mastery learning we might be able to discard measurement. Then

when we had established where the cut-off point was, it might be

appropriate to use criterion-referenced tests that operated like

thermostats.

Until that time, we need to use tests as measuring instruments

and to calibrate them just as we calibrate general purpose thermometers.

We need them to explore the possible effects of using alternative

cut-off points on clearly defined scales. Further, these alternative

cut-off points need to be defined in terms of some external reference

such as sample behaviors or tasks. Latent trait models, since they

relate achievement level and item difficulty directly on the same

scale, can give such a reference. Two examples which I would bring

to your attention are scales for measuring achievement level in

arithmetic subtraction (taken from the Keymath Diagnostic Test,

Connolly, Nachtman & Prltchett, 1971) and "operations" from the

Mathematics Profile Series (Cornish & Wines, 1975). In each, the

location of an individual's achievement on this scale gives an

immediate visual indication of what material has been mastered, and

what remains to be learned.

Another implementation of this approach is to be found in the

"KIDMAP" reports on student achievement used (among other placesl
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MAPS Small Numbers Large Numbers Pronumerals
Scale of
Difficulty

and Ability

25

3+4=4+4
6x 1=---4

30 7x 8=8xA

123+456=456+A

35 15-3=A-3 44x 125-=125x
(23x 24)x 25= Ax (24x 25) p+q=q+/

5-2=A-2 864 432=/4 432 rx s=sx A
(3x 2)x 5=Ax (2x 5)

9+1=A 984x 1-/ h~j=4 j
40 5+0=A 876+0 =A

(5+4)+6=4+(4+6) 654-543=A-543 (ux v)x w-x (vx w)
exo= 578+1=A m-y= -y

(89+67)+33=4+(67+33) (h+j)+k=/+(j+k)
(8-4)+4= g+O=4

45

(987- 321)+321=L
15-5=30 A yxl=A
(12-2) x 2=A 769x 0-=

(625-- 25) x 25 = A wxo=A
50 8-4=A-8

7-4=A-7 v+l=A

4+5=(4+6)+ (5+ A) 654-543=--654
(24--6)-2=/L (6-2) 240-15=480. - A

123+456=(123+789)-+(456+A) (i-k)+k=/4

5S 468 234=4- 468 s+t= S-e-.
(72x 25)- (6Ox 25)=(72+A)x 25 p+q=(p+,)+(q+A)

(7x2)-(3x2)=(7+A)x 2 (--g)xg=A

(12-6)-4 -(6-4) (90.30)-10=- (30-1-0)
60 mp-np=(m+A)xp

(89-56)-21=A-(56-21)
(40-8)x 4=(40x4)-- (4x 4)

5I-e=/-f

k+p =A+k
(72-36)x 9= (72x 9) -- ( x 9) (y ,z) x w=(yx w)- (Ax w)

70

OPERATIONS SCALE

(Mathematics Profile Series) (U- v)- t=- -t)
75 Cbrnish & Wines,1977
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within the Los Angeles County schools, in which the curriculum,

expressed in terms of objectives, is mapped out on a single sheet of

paper, and the student's achievement level is indicated by his

location vis-a-vis the objectives (Wright, Mead & Ludlow, 1980).

It seems probable that the future will see a considerable

expansion in the use of testing to diagnose the learning problems of

individual students and trainees. Much of our testing technology

has grown out of group testing situations whether for program

evaluation or for the ranking of testees. The context for

individual diagnostic testing will be very different. Such testing

necessarily requires criterion-referencing of test performance, and

indeed of each item response. Latent trait modeling becomes

especially attractive in this context because of its efficient

integration of diaonostic evidence from different items. We have

some of the techniques for doing this, but much more development work

remains to be done.
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Issues in Designing and Validating

Alternative Performance Indicators

Edys S. Quellmalz
Director, Test besign Project

Center for the Study of Evaluation
UCLA Graduate School of Education

A major flaw of many achievement measures is their failure to
present ecologically valid tasks. In public schooling, adult edu-
cation and military training systems, educators are recognizing
that multiple choice tests often can not sufficiently represent
competence in real-life or on-the-job settings. McNeill (1980),
for example, found that general reading comprehension test scores
did not represent mechanics' ability to read repair manuals. Con-
sequently, adult education systems now are providing alternative

\ test situations for demonstrating competence.

This presentation will draw upon cognitive learning research
to descri 'La-_ a contin.um along which features of test-like tasks can
approaximat2 both tne information base and the cognitive operations
trainees must activate in actual situations. Features will include
tdsk problem type, display modality, levels of required cognitive
processing, criteria for uniformly judging performance and the func-
tional context in which the task is placed. The paper will also
discuss alternative procedures for validating that these measures
actually do characterize mastery of targetted competencies.
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Issues in Designing and Validating Alternative

Performance Indicators

Edys Quellmalz
Center for the Study of Evaluation
UCLA Graduate School of Education

A major problem in military training is documenting that courses

build job competencies. Training programs must determine the range of

military occupational specialities (MOS) for which a recruit's entering

capabilities are most relevant, accredit the acquisition of specific

job skills and validate the adequacy with which these skills are applied

in the actual job setting. Currently, multiple choice tests are the

most common measure of these levels of competence. Such selected response

formats derive their popularity primarily from their economy, as well as

from claims for their statistical relationship to "other" measures of job

success. However, many of these tests are being criticized because they

fail to present psychologically and ecologically valid tasks.

In public schooling, adult education and military training systems,
educators, psychologists and evaluators are recognizing that multiple

choice test scores often do not represent competence in real-life or on-

the-job settings. For example, McNeill (1980), found that general reading

test scores belied mechanics' ability to comprehend repair manuals. Adult

education programs are providing alternative test situations for demonstrat-

ing competence (Allenpress, 1980). Military educators, too, recognize

the mismatch between the content of many tests and particular job training.
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Begland (1981) reports that the Army's functional approach to its Basic

Skills Educational Program "recognized that the presence or absence of

these skills in any given individual could not be determined on the basis

of standardized reading test scores and that programs designed to raise

standard test scores lacked focus sufficient to bring individuals to the

desired level of competence in the time available. Consequently, TRADOC

proposed to develop skills requirements based on detailed analyses of the

learning requirements of each MOS." (p. 8)

In their handbook on criterion-referenced testing, Ellis and Wulfeck

(1981), too, affirm the need to design criterion tests that mirror demands

presented in the occupational speciality. The general problem of design-

ing adequate competency measures, then, is to match the test to the job.

F However, the more specific problem lies in identifying features which are

critical for a fit and determining if the ubiquitious selected response

format can provide that fit. in the remainder of this paper, I will ref-

erence findings from cognitive research suggesting that selected response

formats are very often highly questionable as valid representations of

MOS skills, and that the question of fit involves not only the information

processing components of cognition, but also the functional ecology of the

context within which the competency must operate.

The Cognitive Task Dimensions

Cognitive studies of the demands of reading, writing, math, physics

and chess problems consistently highlight the care with which assumptions

about learner's capacities for assimilation, generalization and transfer
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must reference the information base and solution routines required to

solve tasks as well as the learner's existing knowledge structures or

schema (Bransford, 1971; Quellmalz & Capell, 1979; Brown & Vanlehn, 1980;

Greeno, 1977; Chi & Glaser, 1980). Masters can call upon more information

and activate connected sets of procedures, while novices often stumble

when remembering content or orchestrating strategies. The master has

automated the steps for operating a piece of machinery, identifying a

malfunction and correcting it; the novice laboriously works through the

steps. Certainly, the notion of analyzing a job or criterion performance

into component, enroute tasks is not new (Skinner, 1958; Gagne, 1977;

Markle, 1964). But appreciation of the precision required to merge

the targetted course information and procedures with learners' entering

schema is new. Furthermore, an issue in the design of competency tests

becomes the appropriateness of levels of expertise targetted for end-of-

course appraisal vis-a-vis competency levels demanded on the job. In both

civilian and military courses, many end-of-course assessments, particularly

those using multiple choice tests, tend to ask for component pieces of

information or steps, e.g., "list the steps for operating the equipment,"

but they neglect the end product or combination of the components nan

applied situation. Begland (1981) cites the marginal quality of the job

analyses presented in Soldier's Manuals, and Ellis, et al. (1980), also

acknowledge the reliance on the artistry and intuition of the course de-

veloper and test maker in Navy Training courses. The cognitive research

strategy of contrasting the configurations of information and the sequences

of routines used by novices with those used by experts on the job, offers
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an alternative methodology to state-of-the-art procedures for designing

competency measures. By specifying the features of the equipment or

problem the master must attend to and have information about, it becomes

possible to build criterion problem situations for end-of-course competency

assessment. Furthermore, a more precise identification of the procedures

the master uses permits elicitation of these routines in the test task.

When application tasks such as use of a procedure or a rule are required

on the job, some form of test task other than a selected response is in

order. Although asking trainees to describe a procedure is better than

giving a selected response item, it still differs in important ways from

actually using the procedure to operate actual equipment. Of course, the

more realistic the task, the closer the match between the assessment situ-

ation and the required job performance. it is hard to imagine many jobs

where multipie choice responses elicit anything iot processes enroute to

criterion.performance. If comnetency tests are to correspond to job per-

formance, then they must provide comparable stimulus aod processing require-

ments (Quellmalz, 1981).

Display Modalities

The intellectual processes test-like events require can vary along

a continuum on at least two dimensions. The first dimension would be a

part/whole axis where tasks might elicit component pieces of information

and enroute steps, then to proceed to requiring their integration to

solve the criterion task. A second, related, dimension is the approxi-

mation of simpler tasks to criterion levels of processing, moving from
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recognition and recall to application.

Even when learners must produce a response, test stimulus situations

can range along a continuum of closer approximations to the actual task.

Many end-of-course tests still rely on diagrams or other two dimensional

representations of a three dimensional task; others present static renditions

of moving phonomena. Compupter simulations and 3-D simulators are increas-

ingly being used to approach realism. Use of computer simulations, how-

ever, introduces an additional set of requirements into the trainees task:

computer literacy. Little research has examined the complexity of the

visual, motor and symbolic demands placed on trainees by computer simula-

- tions. Moreover, 3-D simulations can range greatly in their presentation

1 of the stimulus situations that obtain in the workplace. Anyone who has

hit tennis balls in a practice alley knows that hitting the ball through

the little ring still permits considerable latitude in where it would have

* landed if it had been hit into a real court.

* Clearly, concerns for expense, logistics, equipment damage or safety

must be weighed against the need for trainees to demonstrate their compe-

tence in a realistic "dry run" situation. For those MOS's where newly

trained recruits have difficulty actually applying their newly acquired

skills, further research could provide empirical evidence about the short

and long term cost effectiveness of designing more job-like performance

T Ttasks.

Rating Performance Adequacy

Not only are selected response tests more economical to administer,
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they are also less costly to score. When trainees produce written de-

scriptions of "what they would do if..." or when they demonstrate or

simulate their skills, . set of logistical and technical problems arise

that are common to all performance ratings. Observations of job perform-

ance are time consuming, but if they are precisely focused on job rele-

vant criteria, they are clearly the most valid index of job competence.

Ideally, these precise, operational criteria should derive from a careful

analysis of the performance of masters, referencing components of the pro-

cess as well as its outcome. Criteria may specify levels of accuracy,

speed, and flexibility under variable conditions. While some occupational

specialities have clear indices of success, e.g., the pump works, the bomb

does not explode, in most jobs there are gradations of mastery. Careful

analysis of the aspects of performance that distinguish levels of exper-

tise would provide information useful for instruction and, on the job,

for feedback to workers and supervisors about areas in which performance

is strong or weak. It is questionable not only whether many MOS job check-

lists really provide precise diagnostic criteria, but also whether the

criteria are operational enough to be applied uniformly. When criteria

are unclear or applied unevenly the assessment may be viewed as too sub-

jective and useless by administrators and as biased and unfair by workers.

A second issue in performance ratings, then, is whether even the most

relevant criteria will be applied uniformly. Explicit criteria contribute

to scale stability; they do not guarantee it. For example, intensive re-

search on issues affecting the stability of raters' judgments of students'

writing has identified a number of methods for establishing and maintain-
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ing rater reliability within a rating session as well as scale stability

across sets of raters and scoring occasions (Quellmalz, 1980a, 1980b).

Examination of issues of rating stability as they pertain to military

training courses and on-the--job performance and promotion might well re-

veal the need to strengthen and to systematize existing practices.

The Functional Context

Learning research is also dramatizing the critical functions context

plays in learners' engagement and command of cognitive tasks. While

various forms of simulations may permit competency tests to approximate

the cognitive demands of job tasks, there is little research in military

training and occupations on the features of job contexts or ecologies that

mediate cognition and performance. Extrapolating from the methodology of

social-anthropological research, educational studies of what Doyle (1977)

has termed the "classroom ecology" have shown that the extra-classroom

and classroom social organizations significantly mediate student's cog-

nition (Mehan, 1978; Dorr-Bremme, 1980). Participant-observers using

micro-and-macro-ethnographic techniques have also examined adult educa-

tional systems to identify the constitutive events in the participation

structures of both classroom and workplace settings (Finnan, 1979). Find-

ings from these studies describing features of the classroom that influence

performances, features of the work context that influence performance and

the often gross mismatches between the two settings suggest that competence

appraisal must provide for contextual variables.
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AlternativP Validations for Performance Measures

I have argued that cognitive research findings cast serious doubts

on the validity of selected response tests and advocated that courses and

job assessments focus on actual performance. Traditional notions of valid-

ity have accepted statistical relationships beween an end-of-course test

and "some other" job related measures. Often these correlations are based

on total test scores, holistic ratings or measures of attrition. Clearly,

the most valid indicator of an end-of-course performance rating would be

its relationship to on-the-job ratings. If we believe that end-of-course

competence may continue to improve, then some form of analytic ratings of

component skills as well as overall performance would probably best dis-

tinguish one level of mastery from the next. Accuracy, speed, and flexi-

bility under varying work conditions could be validated by comparing the

performance of end-of-ccurse trainees with that of recent course graduates

and by verifying that criteria specified for higher skill levels describes

advanced personnels' performance. Many "standards of excellence" have been

invalidated empirically when workers deemed functional and skilled did not

meet conceptually derived criteria. Ecologically valid criteria might in-

clude ratings for trainees' abilities to negotiate such contextual problems

as the interpersonal and systemic social orders in addition to the technical,

cognitive manipulations of the job itself. To assure robustness of cour ,..:

training, validation data that is descriptive and quantative might look

far more closely at trainee performance across occupational contexts.

Thus validation procedures for competence would be descriptively and psy-

chologically convincing as well as numerically high.
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Profiling the Aptitudes of the Current Youth Population

Sellman, Wayne S., Office of the Assistant Secretary of Defense/MRA&L,
Pentagon, Washington, DC (Chair); Eitelberg, Mark J., Laurence, Janice
& Waters, Brian K., HumRRO, Alexandria, Virginia.

The National Opinion Research Center (NORC), under contract
to the Department of Defense (DOD), admnistered the Armed Services
Vocational Aptitude Battery (ASVAB 8A) to a nationally representative
sample (N - 11,878) of youth 16-23 years old to: (1) aid in deter-
mining the aptitude profile of the current mobilization population and
(2) renorm the ASVAB. Demographic data on variables such as age, sex,
race, and geographical region were also gathered. Scoring patterns
were compared with military and civilian historical data to assess
aptitude test score trends over time.

Results of the present study enable a comparison of current ail-
itary recruits with the current youth population as well as with the
1944 mobilization population. The analysis of these data will make a
substantial contribution to recruiting management and mobilization
planning throughout DoD.

The symposium will consist of three papers:

1. The 1980 Defense Mobilization Population: Mental Testing
and American Youth. Presenter: Wayne S. Sellman

2. Military and Civilian Test Score Trends (1944-1980). Pre-
senter: Brian K. Waters

3. Subpopulation Analyses of the Current Defense Mobilization
Pool. Presenter: Janice Laurence
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SUBPOPULATION ANALYSES OF CURRENT YOUTH APTITUDES

by

Mark J. Eitelberg

0- Janice H. Laurence

Brian K. Waters

Human Resources Research Organization

and

Wayne S. Sellman

Office of the Assistant Secretary of Defense
(Manpower, Reserve Affairs and Logistics)

ABSTRACT

his paper describes the subpopulation analyses that will appear in a

orthcoming report on the Profile of American Youth. In 1980, the
Department of Defense and the Military Services, in cooperation with the
Department of Labor, sponsored a large-scale research project to assess the
vocational aptitudes of American youth. A national probability sample of
approximately 12,000 young men and women, selected from participants in the
National Longitudinal Survey (NLS) of Youth Labor Force Behavior, were

administered the Armed Services Vocational Aptitude Battery (ASVAB). The
results will be analyzed to identify subgroup differences in test perform-
ance. The subgroup variables selected for analysis are age, sex, race/
ethnicity, level of education, socioeconomic status, and geographic
region. Subgroup comparisons will be made on the basis of Armed Forces
Qualification Test (AFQT) scores, ASVAB composite scores, and an estimate

of reading ability. The ASVAB scores will also be used to estimate the
numbers and percent of 1980 youth population subgroups eligible for
military enlistment, based on 1981 Service aptitude standards.
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SUBPOPULATION ANALYSES OF CURRENT YOUTH APTITUDES '

by

Mark J. Eitelberg
Janice H. Laurence

Brian K. Waters

Human Resources Research Organization

and

Wayne S. Sellman

Office of the Assistant Secretary of Defense
(Manpower, Reserve Affairs and Logistics)

In 1980, the National Opinion Research Center (NORC) of the
University of Chicago administered the Armed Services Vocational Aptitude
Battery (ASVAB) to a national probability sample of approximately 12,000
young men and women. The procedure and methods used to select the sample
were designed to yield a data base of youth that could be statistically

projected (within known confidence intervals) to represent the entire
population (and important subgroups) born in 1957 through 1964 (Frankel &
McWilliams, 1981).

The results will be analyzed to identify differences in test
performance among population subgroups and the corresponding qualification
rates for military service. The demographic variables selected for
analysis are age, sex, race/ethnicity, level of education, socioeconomic
status, and geographic region. Subpopulation comparisons will be made on

the basis of the Armed Forces Qualification Test (AFQT), four aptitude
composites, and an estimate of reading ability. The subpopulation analyses
have not been completed. Therefore, this paper contains only a description
of the background, methodology, and scope of the demographic comparisons.

COMPARISON MEASURES

Mean AFQT percentile scores are used since AFQT results are
typically reported in terms of this metric. The raw AFQT scores of

individuals will be converted to AFQT percentile scores, and the mean
percentile scores for each investigated subgroup will then be calculated.

The four ASVAB aptitude composities selected for analysis are

Mechanical (M), Administrative (A), General (G), and Electronics (E). The
ASVAB subtests comprising the Administrative, General, and Electronics
composites are the same in all four Services. The Air Force version of the
Mechanical composite was used for the subpopulation analyses. The
individual subtests that comprise these composites are shown in Table 1.

1A paper presented at the 23rd Annual Conference of the Military
Testing Association, Washington, D.C., October 27, 1981. The views
expressed in this paper represent those of the authors and do not
necessarily reflect the policy or opinion of the Department of Defense.
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Table I

Common Aptitude Composites and The Compownt Subtes

Mechanical Coding Speed Arithmetic Resoninl Arithmtic Renoning
Comprehension

Automotive• Numerical Opeatios Paragreph Electronics Information
Shop Information Comprehension

General Science Pararallh Word Knowledge Genral Science
Comprhnso

Word Knowledp Mathematics Knowledgp

Estimates of reading ability will be obtained for the profile study
subgroups by converting ASVAB General composite scores to comparable scores
on the Adult Basic Learning Examination (ABLE) (see Mathews, Valentine, &
Sellman, 1978). ABLE is a battery of tests (vocabulary, spelling, reading,
arithmetic/computation, and arithmetic/problem solving) designed to measure
the educational achievement of adults who have not completed high school.
ABLE covers 12 years of school achievement through the use of three
separate levels of test batteries. Since the ASVAB General composite
(which combines Paragraph Comprehension, Word Knowledge, and Arithmetic
Reasoning subtests) correlates so highly (.85) with ABLE, it was possible
to convert the General composite scores to ABLE scores, and then use these
measures as estimates of reading ability expressed in terms of scholastic
grade levels.

SUBPOPULATION ANALYSES

AGE

Background. The Army Alpha tests from World War I provided some e
first documented evidence of population differences based on chro,,, al
age. Since that time, numerous cross-sectional studies have support the
finding that mental ability (a) reaches a peak in early adulthood (the
mid-twenties); (b) declines gradually to about age 50; and (c) drops
sharply thereafter. Longitudinal studies conducted since the early 19509,
however, indicate that the pattern of intellectual growth and decline is
somewhat different from that which is found in cross-sectional research.
Although there is still little longitudinal evidence concerning the shape
of the so-called age curve," the data now imply (a) a pattern of intellec-
tul growth through early adulthood; (b) general stability during the mid-
dle decades of life (with increases in certain abilities and decreases in
others); (c) a gradual and minor decline beginning after the age of 50; and
(d) increased decline during the 70s and 80s.

Two-year groupings will be used to separate the 1980 youth
population by age. The age categories, by years of birth and age at
testing, are as follows: 1961 and 1962 (ages 18 and 19); 1959 and 1960
(ages 20 and 21); 1957 and 1958 (ages 22 and 23).
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The analysis of age differences will concentrate on mean AFQT
percentile scores and measures of reading ability.

SEX

Background. Many standardized tests of general aptitude are designed to
eliminate (or counterbalance) items or subtests that result in systemati-
cally higher scores for one sex over the other. The belief that differen-
tial factors should be minimized or balanced is based on the assumption
that (a) there is no clear understanding of which specific test items are
the best indicators of general aptitude and (b) no special "advantage" in
measured performance on these tests should be given to either sex.

Nevertheless, the consistent trend has been that males tend to excel
on tests of mathematical reasoning (or quantitative ability), spatial abil-
ities,.and mechanical/science aptitudes; and females tend to excel on tests
involving verbal fluency or the mechanics of language, memory abilities,
perceptual speed, and manual dexterity (Tyler, 1965; Maccoby & Jacklin,
1974).

The AFQT measures verbal and quantitative abilities in approximately
equal proportion. This balance reduces the likelihood of sex-related dif-
ferences in test performance.

The analysis will present data on the mean AFQT percentile scores of
males and females by the three age groups. Mean percentile scores of males
and females on the four aptitude composites and the estimated reading grade
levels of young men and women in the general population will also be
presented.

RACE/ETHNICITY

Background. In this country, most studies of racial/ethnic group test
performance focus primarily on the differential abilities of white and
black children and young adults. Published evidence suggests that, on
standardized tests of mental ability, (a) whites, on the average, score
higher than blacks; (b) average group differences remain fairly constant
during the school years (the smallest differences occur at the very young
ages); (c) blacks perform relatively better on verbal tests than on
non-verbal tests; (d) the socioeconomic, geographic, and educational
correlates for racial minority groups and whites are generally similar
(though there are some differences in the magnitude of correlation); and,
further, (e) the differences between individuals of the same race exceed in
magnitude the average differences between separate races.

Attempts to measure racial differences in test performance in the
civilian sector can be traced back as far as the late nineteenth century.
As in the military testing experience (Eitelberg, 1981), there is a remark-
able unanimity of results in civilian testing: at each age-level and under
a variety of conditions, blacks, on the average, regularly score below
whites (Jensen, 1980; Scarr, 1981). There are regional variations; never-
theless, these variations are similar for blacks and whites, and the racial
differential remains fairly constant from one region to another.
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Although the majority of studies involving racial/ethnic groups in
this country currently concentrate on the differences between whites and
blacks, there is a long history of research regarding the relative abili-
ties of different "ethnic" (i.e., national origin) groups. The volume of
scientific research on the topic of ethnic differences (or race ditferences
other than those between whites and blacks) has lessened greatly since
World War II. Nevertheless, there is some degree of consistency in the
data on test performance. For instance, study results in this country show
that (a) white school children of European ancestry score, on the average,
considerably higher than children from racial and ethnic minority groups
(with the notable exception of certain Asian-American groups) -- and espe-
cially those that are socioeconomically disadvantaged (e.g., Hispanics,
native Americans, as well as blacks); and (b) the test performance of
racial/ethnic groups perform noticeably better on certain kinds of tests
than on others, and the extent of group differences will change according
to the types of tests that are emphasized).

The profile study results classify the population into three groups:
white and others (including all non-Hispanic and non-black racial/ethnic
subgroups), black (non-Hispanic), and Hispanic. These three groups are
used since they represent the largest relative racial/ethnic subgroups
within the general population. Yet, it should be noted that the hispanic
category includes several separate ethnic groups (e.g., Mexican-Americans,
Puerto Ricans, Cubans and other Latin Americans, Spanish and Portuguese)
variously described simply as being of "Hispanic" origin. Furthermore, the
category defined as "white and others" includes Native Americans, Pacific
Islanders, and persons of Asian ancestry. (Since the data are weighted,
and the proportion of "non-white" groups in the general population is so
small in comparison with whites, the differences between the combined group
and a "white only" group are negligible). For the purposes of the profile
study, then, references to the "white" and "white and other" racial/ethnic
groups are synonymous.

The mean AFQT percentile scores for whites, blacks, and Hispanics
-will be analyzed (by total subgroup and two-year age categories). In
addition to the AFQT score comparisons, the mean score for males and for
females within the separate racial/ethnic subgroups will be compared on the
basis of common aptitude composites and estimated reading ability.

LEVEL OF EDUCATION

Background. There is a strong positive correlation between aptitude test
performance and the amount of formal education. There are, however,
several problems involved in using years of schooling as a focus of
analysis. For example, there are differences in the quality of education
from geographical region to region, school to school, and other related
factors. In addition, education variables are not easily isolated or
separated from other variables (e.g., age and socioeconomic status).

For the profile study, educational attainment is defined according
to high school graduation status. The three categories of graduation
status are: (a) non-high school graduate (including, in some cases, high
school students as well as drop-outs); (b) recipient of the General
Educational Development (GED) high school equivalency certificate; and (c)
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THE PROFILE OF AMERICAN YOUTH marks the first time that a vocational

aptitude battery has been given to a national probability sample. Up to

*this time, such research has not been conducted due to the great difficulty

and expense involved in obtaining data. The subgroup analyses of current

youth aptitudes and the projected qualification rates will soon be

completed and released by the Department of Defense.
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ABSTRACT

This paper prqvides a brief discussion of aptitude testing in the
Department of Defense and the rationale for Defense sponsorship of
the Profile of American Youth Study. Also described is the histor-
ical development of the current version of the Armed Services Voca-
tional Aptitude Battery (ASVAB), as well as its enlistment eligibility
composite, the Armed Forces Qualification Test (AFQT). The aptitude
profile study involved administration of the 1980 version of ASVAB
to a national probability sample of approximately 12,000 young men
and women ages 16 to 23. The young people sampled were participants
in the National Longitudinal Survey (NLS) of Youth Labor Force Be-
havior sponsored by the Department of Labor. The methodology,
sampling procedures, test administration, and data quality controls
used in the execution of the Profile of American Youth Study are
described.
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APTITUDE TESTING IN DoD AND THE
L" PROFILE OF AMERICAN YOUTH STUDY I/

Wayne S. Sellman
Office of the Assistant Secretary of Defense

(Manpower, Reserve Affairs, and Logistics)

Janice H. Laurence
Human Resources Research Organization

INTRODUCTION

Discussions of present or future military manpower procurement policies
consider the way in which individuals are selected for service, assigned to
military jobs, and trained to perform those jobs. Philosophically, there is
consensus that enlistment standards are essential for manning an effective
military. Beyond that broad agreement, the type and kind of enlistment
standards (i.e., medical, moral, educational, and aptitude) are topics for
ideological, legal and scientific debate.

The Armed Services have devoted considerable effort to develop reliable
and valid methods for assessing persons prior to their entering military
service. One focus of these efforts has been on the development of tests
which measure the aptitudes of individuals. Aptitudes have historically
been defined as measures oi trainability for the various military jobs.

Aptitude levels within the military have been referenced statistically
to the extensive testing of adult males that took place during World War II.
This World War II "reference population" has been the baseline for comparing
aptitudes of military examinees and recruits across time. Recently, questions
have been raised concerning the appropriateness of retaining the World War II
reference population as the sole basis for today's military personnel
decisions. Accordingly, it was decided that the contemporary youth population
should be examined to facilitate the Department of Defense's understanding of
the quality and representativeness of its new enlistees.

An aptitude profile of current youth is important for managing recruiting
and evaluating recruiting results. The Department of Defense (DoD) should be
able to compare the characteristics of today's population with DoD requirements
for military manpower. Information is also needed for mobilization planning.
If a national emergency required the resumption of conscription, DoD must be
able to establish entrance standards compatible with available manpower resources
that meet the personnel needs of the Services. Decisions on who should be
drafted or permitted to volunteer require an accurate knowledge of the aptitudes
of contemporary youth.

-/Paper presented at the 23rd Annual Conference of the Military Testing

Association, Washington, D.C., October 1981.
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The 1980 Profile of American Youth. The Profile of American Youth was designed
to assess the vocational aptitudes of young people, ages 16 to 23, and, at
the same time, to develop a new reference population against which scores on
the DoD enlistment test can be interpreted. To achieve these goals, DoD
contracted with the National Opinion Research Center (NORC) of the University
of Chicago to administer the enlistment test to a nationally representative
sample of about 12,000 young men and women.

Beyond its value to military manpower planning, aptitude profiles from
a national sample of young people are a significant contribution to scientific
research. Such aptitude profiles have not been previously available due to
the difficulty and expense in obtaining representative data.

APTITUDE TESTING IN DOD

The Armed Services Vocational Aptitude Battery. The test used in the 1980
aptitude profile study was the Armed Services Vocational Aptitude Battery
(ASVAB). ASVAB was introduced on January 1, 1976 as the single DoD test
to replace the various aptitude test batteries then in use by each Service.
Replacement forms were subsequently implemented on October 1, 1980. A
1980 version (Form 8A) of ASVAB was administered in this study.

ASVAB scores serve two important purposes in the enlistment process.
First, they help determine eligibility for enlistment. Second, they are
used to establish qualifications for assignment to specific military jobs.

The ASVAB consists of the following 10 subtests: arithmetic reasoning,
numerical operations, paragraph comprehension, word knowledge, coding speed,
general science, mathematics knowledge,-electronics information, mechanical
comprehension, and automotive-shop information. These subtests are included
because research and experience have shown them to be valid predictors of
success in military training.

The scores of four subtests (word knowledge, paragraph comprehension,
arithmetic reasoning and numerical operations) are combined to produce an Armed
Forces Qualification Test (AFQT) score. The AFQT score, supplemented by the
scores on various aptitude composites, are used in conjunction with educational,
medical, and moral standards to determine applicant enlistment eligibility.
The scores on the aptitude composites also determine eligibility to enter
specific military skills.

The Services combine a variety of subtests to form aptitude composites.
Table 1 shows the subtests that comprise two selected composites.
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TABLE 1

Examples of Selected Aptitude Composites
Derived From Combinations of ASVAB Subtests

Administrative Composite Electronics Composite

Paragraph Comprehension Electronics Information

Word Knowledge General Science

Numerical Operations Arithmetic Reasoning

Coding Speed Mathematics Knowledge

The Armed Forces Qualification Test. During the early years (1940-1942) of
World War II, men were accepted for service if they had completed the fourth

grade or were able to pass literacy screening tests; in later years (1943-
1945), minimal literacy was no longer required for induction (Ginzberg, Anderson,
Ginzburg & Herma, 1959). After service entry, the primary test instrument for
job assignment purposes was the Army General Classification Test (AGCT). A
test of general trainability, the AGCT was composed of questions which measured
verbal, arithmetic, and spatial abilities. After World War II, it was used

by the Army for enlistment screening. Modeled after the AGCT, the Armed Forces
Qualification Test (AFQT) was introduced in 1950 to determine the eligibility
of draftees and volunteers to enter any of the Services (Uhlaner & Bolanovich, 1952).

To minimize test compromise and to update test language and content, the

AFQT has been revised periodically. Until 1973, each new AFQT was calibrated
back to the AGCT so that successive AFQT scores would have a constant meaning
in terms of the level of trainability. In 1972, the use of a common AFQT was
discontinued. From 1973 through 1975, each Service estimated an AFQT score
from its own test battery. The ASVAB became operational as the single DoD enlist-
ment test in 1976, and AFQT scores have been based since then on a common test.
The AFQT composite of ASVAB used in this study (Form 8A) was calibrated against
an earlier version of AFQT (Form 7A) used operationally from 1960 through 1972.
This calibration established the linkage to the World War II reference population,
thereby enabling percentile scores from the new AFQT to have the same interpretive
meaning as scores from predecessor tests.
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AFQT Categories. For reporting purposes, AFQT scores have traditionally
been grouped into five broad categories. Persons whose scores place them in
Categories I and II are above average in trainability; those in Category III,
average; those in Category IV, below average; and those in Category V, markedly

below average and, under current Service policy, not eligible to enlist.

The Services prefer enlistees in the higher AFQT categories because training

time and associated costs are lower, and such recruits are more likely to

qualify for specialized training in a greater number of occupational areas.

Table 2 shows the percentile scores for the various categories and the

percent of the World War II reference population in each. AFQT percentile scores

are based on the World War II population of officers and enlisted men who were

on active duty as of December 31, 1944 -- 11,694,229 males.

TABLE 2

AFQT Scores by Category

Percent of Reference
AFQT Percentile Population in

Category Score Range Each Category

I 93-100 8

II 65-92 28

III 31-64 34

IV 10-30 21

V 1-9 9

100

STUDY METHODOLOGY

The Profile of American Youth is closely related to the five-year National
Longitudinal Survey of Youth Labor Force Behavior (NLS) in three ways. The
first and most important relationship is that the profile study used for its
sample young people who completed the first annual interview of the NLS in 1979.
The profile study used the NLS sample because it was an already-existing
nationally representative sample of young people in the age group of interest.
Second, the data collection for both studies was carried out by the National
Opinion Research Center (NORC). Third, there would be a sharing of data
between the two studies. Demographic data collected by the NLS were added
to the ASVAB test information obtained in the profile study.
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The purpose of the NLS is to study the behavior within the labor market

of a large and representative cross-section of American youth. information about

youth born from 1957 through 1964 is being collected through annual personal

interviews. The NLS is primarily concerned with problems relating to employ-

ment and unemployment. The interviews also gather a great deal of supplemental

information about the characteristics, experience, plans, and attitudes of the

young people.

STUDY RESEARCH DESIGN

The Sample. The NLS sample was designed to represent the national population

of youth ages 14 to 21 as of January 1, 1979 (Frankel & McWilliams, 1981;

McWilliams & Frankel, 1981). Civilian members of the youth population were

obtained by screening approximately 80,000 households during the fall of 1978.

This screening identified approximately 14,000 eligible youth of the appropriate

age. Members of the youth population serving in the military were selected

in the fall of 1978 from lists provided by the Defense Manpower Data Center

(DMDC). Youth in the military were eligible for selection if they were (a)

serving in the Armed Services as of September 30, 1978 and (b) would be between

the ages of 17 and 21 as of January 1, 1979. In the spring of 1979, NORC

interviewed 12,686 civilian and military youth for the first annual (baseyear)

NLS survey.

The NLS baseyear sample contains youth from both urban and rural areas,

youth from all major census divisions, and approximately equal proportions

of males and females. The sample overrepresents, in a statistically

appropriate way, certain key groups, such as Hispanics, blacks, economically

disadvantaged whites, and women in the military. This overrepresentation

allows for more precise analyses of these groups than would otherwise be

possible.

The profile study used for its target sample the 12,686 young people

who completed the first annual (1979) interview of the NLS. The 11,914

tests administered represent a completion rate of approximately 94

percent. Table 3 shows the composition of the completed profile sample by

sex and race/ethnicity.

TABLE 3

Description of the Profile of American Youth Sample

Racial Ethnic I
Group Male Female Total

Whitea 3,531 3,496 7,027

Black 1,511 1,511 3,022

Hispanic 902 927 1,829

Total 5,944 5,934 11,878

O"White" is used throughout this report to refer to non-Hispanic, non-Black persons, (i.e., white and others).
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Since the Services primarily recruit individuals who are 18 years of age

and older, the profile study focused upon young people born between Janury 1,

1957 and December 31, 1962. Thus, the age range for the profile study sample

is 18 through 23 years at the time of testing. Table 4 shows the profile

study sample of 9,173 people of enlistment age. Table 5 displays the

corresponding size of the 1980 national youth population (weighted sample)

by year of birth, race/ethnicity, and sex.

Table 4

Profile of American Youth Enlistment Age Sample
By Yew of Birth, Race/Ethnicity, and Sex

Ape t I Wie I Black j Hispanic AN" - " 1rinm of "

Y. G1 nk Tetf Mae F.mal Male Female Male Female i Total

1962 1 458 401 213 210 108 145 779 756 1.S35

19411 19 363 416 211 211 129 116 699 745 1.444

190 20 445 448 197 206 123 110 765 764 1.529

19 21 490 519 Ise 195 10 lo 767 823 1.590

19511 22 477 50 ISO 167 92 102 759 774 1.533

1957 23 S21 488 167 166 93 107 781 761 1.542

TOTAL 2,754 2.799 1,143 1.155 653 689 4.550 4.623 9.173

TableS

Profile of American Youth Enlistment Age Sample
Estimated Size of National Youth Population by

Year of Birth, Race/Ethnicity, and Sex

(In Thousands)

Age at White Black Hispanic AN
im of

Ynt of sink Testing Male Female Male Female Male Female Male Female Toal

1962 1o 1,617.3 1.616.1 2S.4 292.1 139.5 123.5 2,112.8 2.031.7 4,144.5

1961 1 1,701.6 1,643.9 296.6 293.1 140.0 124.3 2.138.2 2.061.3 4,199.5

190 20 1.729.6 1,669.8 295.7 290.2 134.8 127.8 2,160.1 2,087.8 4,248.0

195 21 1.753.2 1,675.3 285.2 289.3 120.1 131.8 2,158.8 2,096.4 4.255.1

1953 22 1,755.5 1,708.7 284.1 289.5 122.0 131.7 2,161.6 2,129.9 4,291.4

1957 23 1,762.3 1,700.4 215.7 282.9 121.2 127.5 2,159.7 2,110.8 4,270.4

TOTAL 10,380.6 10,014.2 1,733.0 1,737.1 777.6 766.6 12.891.2 12,517 25.409.1
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Quality of the Sample. To provide DoD with an assessment of the sample design,
development of sample case weights and sampling statistics, an independent
panel of sampling experts (Dr. B. F. King, University of Washington; Dr. L.
Kish, University of Michigan; Dr. G. E. Hall, U. S. Bureau of Census; and
Dr. J. Sedransk, State University of New York) was convened. The panel concluded:
(a) the sample design was appropriate for meeting the objectives of the profile

. study and (b) all of the statistical procedures used in the development of
- sample case weights and sampling statistics met the professional criteria

established for efforts of this nature, both in the public and private
sectors. (Frankel & McWilliams 1981).

TEST ADMINISTRATION

During the period July through October 1980, NORC representatives ad-
ministered the ASVAB to the 11,914 young people who comprise the profile sample.
Testing was generally conducted in groups of five to ten persons. More than 400
test sites, including hotels, community centers, and libraries throughout
the United States and abroad were used. The test was administered according
to strict guidelines conforming to ASVAB procedures, which assured both accuracy
and consistency of results. Great care was also taken to assure confidentiality.

In May 1981, NORC sent to all respondents a copy of their test results,
information to interpret the scores, and a brochure containing vocational and
educational information. In addition, participants were paid honoraria for
completing the test. The decision to pay an honorarium was 'based on NORC's
experience in similar studies which indicated that a powerful incentive would
be needed in order to get young people to travel up to an hour to a testing
center, spend three hours or more taking a test and then travel home. The
honorarium was set at $50.00.

NORC's decision to provide an incentive honorarium was also influenced
by the importance of the NLS and an obligation to ensure that the added demands
of the profile study on the NLS respondents would do nothing to damage further
NLS participation. It was anticipated that the monetary incentive offered
for participation in the aptitude profile study would work against
attrition of the NLS sample and would even increase the goodwill of its
members.

STUDY QUALITY CONTROL

Quality of Data Files. A DoD team of testing experts and computer programmers
verified that ASVAB scores and demographic information had been accurately
transcribed from the original source documents (i.e., answer sheets and
questionnaires) to the computer tape provided to DoD. A random sample
(one percent of the cases) was selected for the data audit. For the sample
cases, ASVAB answer sheets were hand-scored and demographic questionnaires
were manually reviewed. In every case, the information from the source
documents had been correctly recorded (Sellman & Hagan, 1981).
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Quality of ASVAB. To evaluate the suitability of the ASVAB for measuring the

aptitudes of a national sample of young people, DoD contracted with Dr. R. D.

Bock, an authority on educational and psychological testing from the University

of Chicago. Dr. Bock evaluated the test to determine its appropriateness

for measuring vocational aptitudes and its equity for minorities and females.

He concluded that the ASVAB is useful for measuring aptitudes of civilian

youth and that cultural test bias was not apparent for minorities and females.

Moreover, he indicated that the quality of ASVAB equals or surpasses that of

commercial aptitude and achievement tests (Bock & Mislevy, 1981).
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ABSTRACT

This paper reviews test score trends over nearly a 40-year period.
Since military recruits come from the general youth population,
knowledge of aptitude test score trends in civilian environments has
direct implications for military enlistment test analyses. The data
which track these trends originated from 257 published sources on
aptitude and achievement tests. The literature shows a remarkable
consistency of aptitude testing trend data over the period. In general,
both aptitude and achievement test scores have decreased at a rate of
about one to three percent of a standard deviation per year. This trend
continues today, although there is evidence that the rate of decline has
lessened somewhat in the past three years. Similiar trend data were
found for military recruits, particularly in the uppermost ability
range. The authors conclude that these trends are real, national in
scope, and continuing, though at a decreasing rate of decline since
about 1977. They summarize the study by recommending that DoD and
service manpower planners monitor national test score trends for both
short-term recruiting and mobilization planning purposes.
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MILITARY AND CIVILIAN TEST SCORE TRENDS
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Since 1975, the College Entrance Examination Board (CEEB) has published
several reports on Scholastic Aptitude Test (SAT) score decline. The CEEB
data were similar to data on the American College Testing (ACT) Program, as
well as a number of achievement tests. The subject of declining student
aptitudes and achievement has since dominated space in educational and
psychological literature, with many reports and books receiving heavy media
and public exposure. Numerous symposia, commissions, and studies have also
been launched to answer three key questions: 1) Are the test score declines
a "real" national phenomenon?; 2) What are the cause(s) for the decline?;
and 3) What can be done to reverse the trend of declining scores?

The nature and scope of aptitude and achievement test score changes in
the national population are of considerable interest to military manpower and
personnel managers. The national population provides the pool from which
military applicants are drawn (also draftees during periods of national
emergency). The civilian population also provides a baseline upon which to
assess current and historical recruit quality. And, in the context of the
current major research effort to profile the aptitudes of American youth, a
review of the civilian aptitude and achievement test score decline places into
better perspective military test score trends over the survey period.

This paper describes test score changes between the early 1950s and
1980 (when the profile study was conducted). The paper begins with a tabular
and graphic picture of national scholastic aptitude and achievement test score
trends. The paper then describes military accession test score trends on
AFQT from 1967 to 1980. AFQT score trends are reported by high, median, and
low scores. The paper concludes with a brief summary and interpretation of
the trends.

''Paper presented at the 23rd Annual Conference of the Military Testing
Association, Washington, D.C., October 1981. The views expressed in this
paper represent those of the authors and do not necessarily reflect the views
of the Department of Defense.

2 /Much of the material in this paper is based upon Waters, Brian K.,
The Test Score Decline: A Review and Annotated Bibliography. Technical
Mlemorandum 81-2. Washington, D.C.: Directorate for Accession Policy, Office
of the Secretary of Defense, August 1981.
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CIVILIAN SCHOLASTIC APTITUDE TEST SCORE TRENDS

The most clear, consistent, and unambiguous evidence of the decline
in the civilian target population comes from the aptitude testing domain.
Table 1 and Figure 1 provide a compilation of the trends in this country
since the early 1950s.

The aptitude test data show remarkable consistency. With the exception

of slight increases on the Medical College Admissions Test-Quantitative
Subtest and the Law School Admissions Test, the other measures of scholastic
aptitude consistently decreased at a rate of about one to three percent of
a standard deviation per year. This trend continues, although there is

some evidence that the rate of decline has slowed somewhat through 1980.

Other major trends show that verbal scores have tended to decrease faster
than quantitative scores; female scores have declined more rapidly than

male scores, particularly in the verbal domain; and overall aptitude test
scores increased from 1950 throu.i about 1965, and decreased consistently
until the late 1970s. There appears to be a lessening of the rate of
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Table I

Scholastic Aptitude Manures

O.. 11.10~ A-, 1. %o vs

Schoalaiv A0.do Veibhl 1967 1980 11112 1,500.000 NE. E. EC Maio 2 3
Te", ISAV Z17 1380 Femmae -3 2

1952 1963 toal -02
964 :980 Towa 2.Jt

wati2.raI~es :967-1900 11112 1.500.000 NE,.E. EC Maio -1 4
196 7. 1980 Female 1 6
1952 1963 Total -0.6
1964-1980 Totul 16

Anuncui Coliep Coereouto 1164-19110 I1117 890,9100 111CS. I Malet 1.3
Test (ACT$ Female 25

Total -20

lE.iobh 1964-1960 li/I2 050.060 Pic. S. IN Mail -09
Femift -2.3
Total -1.4

MUliuema.a 196421980 11112 050.000 N1C. S.10 Mal -.3

Saoal Stude. 1964-1980 11/12 090060 .S~ Mile 2.4
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decline between 1977 and 1980, although the decline continued through 1980
-1/

The "causes" of the consistent aptitude test score patterns are not at all
clear. Nevertheless, the general conclusion of most authors is that there
are multiple factors contributing to the trend.

SAT Score Trends. Figure 2 displays SAT Verbal and Mathematics subtest
trends from 1967 to 1980.

SAT VERBAL SAT MATHEMATICS
S% Scoq we0 or70m

1 % Scorng Lm Thin 300 b 
T

'I0
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V '1

too

I.D

15 _ 1967 - - 1980

YEAR YEAR

'Sore of 600 on the SAT VERBAL and the SAT -MATH equate approximately to scores in the 90th percentile and 92nd percentile. respKtivelv, on the AFT ddtrubution

IScom of 300 on the SAT VERBAL and the SAT- MATH equate approxintey to score" in the 50th percentile and 31st Percentile respectively. on the AFOT distribution -A
SOURCES. Coft, Entraece Enamimin Biknd.

Figure 2. Score Distributions on the Scholastic Aptitude Test (SAT), 1967-1980

Figure 2 depicts the relatively cons'stent decline on both subtests at
both ends of the scale range. As will be seen in the next section of this
paper, these declines are similar to test score patterns of military recruits
who score at the higher and lower ends of the Armed Forces Qualification
Test (AFQT).

7. A recent release from ETS reports that 1981 mean SAT scores were
identical to 1980 mean scores on both quantitative and verbal subtests.

|-A

l- . . . .



CIVILIAN SCHOLASTIC ACHIEVEMENT TEST SCORE TRENDS

Table 2 and Figure 3 depict 1964-1980 mean results for 10 achievement
test batteries. Data for the individual batteries have been grouped, when
available, into grades 1-4, 5-8, and 9-12 and by subtests that roughly
parallel the verbal/quantitative/composite breakouts of the aptitude measures
discussed above. As might be expected, long-term trends across achievement
content areas are not as consistent as across the more "factorially pure"
aptitude areas. Trend data are displayed in Table 2 by percent change in
standard deviation per year where both means and variances were provided in3 the original source. Figure 3 displays Table 2 graphically.

In general, the authors found consistent evidence of achievement test
score declines in all areas tested above grade 4, for the 1960s through
1970s. Pre-schoolers and children in the early years of grammar school
(1st - 3rd grade) generally scored higher on all measures, while the scores
of 4th grade students remained fairly stable. In the opinion of the authors,
these trends are real, national in scope, and continuing -- though at a
decreasing rate of decline since about 1977.
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Figure 3. Civilian Achievement Measures
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OTHER INDICATORS OF POPULATION PERFORMANCE CHANGE

The literature on the test score decline includes many references to
other indicators of a declining national level of academic competence of

youth. These indicators include elementary, high school, and college
teachers' opinions, statewide competency-based assessment, measures of

curricula content at all levels, analyses of classroom hours attendance
per student, analyses of teacher education and practices, and physiological
hypotheses about diet, drug, medication, nuclear radiation and other possible
correlates of declining test scores. It is beyond the scope of this paper
to attempt to analyze the probable or possible causes of the declining scores;

" however, an excellent review by Rimland and Larson, (1980) is available.

SUMMARY OF OVERALL CIVILIAN TESTING TRENDS

It is evident that national youth performance on scholastic aptitude

and achievement tests has been in a state of decline. Assuming comparability

of populations (for current military-age youth, between the ages of 17-24),

the scope of the decline would likely represent a decrease of about one-fifth

to one-third of a standard deviation on the average from the 1970 pool of

AFQT examinees, or about 2-3 percent of a standard deviation per year. This

rate would equate to a decline of approximately 4-5 raw score points for the

average military enlisted recruit between FY 1971 and FY 1980. The next

section of this paper looks at the military data.

MILITARY RECRUIT APTITUDE TEST SCORE TRENDS

Figure 4 displays the percentages of non-prior service military accessions

who scored in AFQT Category I (Sellman & Laurence, 1981) between FY 1967
through FY 1980. Category I scores are roughly equivalent to a score of

600 and above on the SAT (shown in Figure 2 above).
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Figure 4. Military Accessions: AFQT Category I I
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AFQT Category IV military accession statistics are strongly influenced
by DoD and Service policies, changes in the recruiting and job market, and
other factors independent of the aptitude levels in the national population
of enlistment-age youth. Nevertheless, the proportion of AFQT Category IV
accessions did increase from 23 percent in FY 1967 - FY 1969 to 26 percent
in FY 1979 - FY 1981. The latter figure probably reflects the effects of
the miscalibration of AFQT for the first two years of the latter period,
(Aptitude Testing of Recruits, July 1980). However, FY 1981 test scores
are correct. The three percent increase from the earlier period is roughly
comparable to the increased percentages in SAT Verbal and Mathematics scores
below 300 over the same time frame (Figure 2).

A median provides a single index of the full distribution of AFQT scores.
The medians declined from 79.4 to 72.4 or seven AFQT raw score points over the
14-year period. This decline parallels the two to three percent standard
deviation yearly decline observed for civilian aptitude test scores during
the same year period. Figure 5 shows median AFQT scores grouped in three-year
periods from FY 1967 through FY 1981.

100 I
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4 75
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FISCAL YEAR GROUPS

Figure 5. Median AFQT Raw Scores for Military Non-Prior Service
Accessions, 1967-1981, by Three Year Periuds
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IMPLICATIONS OF CIVILIAN AND MILITARY RECRUIT APTITUDE TEST SCORE TRENDS

It appears that civilian aptitude test score trends provide useful information
to Defense manpower planners on the aptitude levels of American youth in the
pool from which potential recruits are drawn. It is therefore important that
the Department of Defense monitor national test score trends for both short-
term recruiting and mobilization planning purposes.
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Course Development and Evaluation Procedures for the Combined Arms
and Services Staff School

Stillman, Jon, LTC, Command and General Staff College, Fort Leavenworth,
Kansas (Chair); Anderson, Mike, De Frain, Dennis, LTC, Ekwall, Ralph,
Command and General Staff College, Fort Leavenworth, Kansas.

This panel describes the course development and evaluation pro-

cedures for the Army's new Combined Arms and Services Staff School
(CAS3 ). This is a program to train Army staff officers and was devel-
oped from a zero base.

The curriculum consists of two phases, each of which is very
different from the other. Phase one provides background information in
a self-paced correspondence mode. Phase two is presented in a small
group setting by means of learning activities that resemble real world
staff work.

The panel will be introduced by the CAS 3 supervising author and
the three panel members will present information on various aspects of
program development. The first presentation will describe overall
program development. The second presentation will describe the use of
the systems approach in curriculum development. The third presentation
will deal with the development of an evaluation system for a two phase
program.
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STUDENT AND COURSE EVALUATION
AT THE

COMBINED ARMS AND SERVICES STAFF SCHOOL

BY

MICHAEL R. ANDERSON, Ph. D.
Education Specialist

U.S. Army Command and General Staff College
Fort Leavenworth, Kansas 66027

This paper focuses on the student and course evaluation that was per-
formed during Phase II of the Combined Arms and Services Staff School
(CAS ) in its initial implementation, April through June 1981. Descrip-
tions of the CAA training philosophy, goals, and instructional techniques
are provided as background. The performance oriented student evaluation
philosophy and rating scheme is explained. Results and student acceptance
of this student evaluation system are discussed. The information sources
and results of the course evaluation are also presented.

1
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BACKGROUND

The Combined Arms and Services Staff School (CAS3 ) is designed to

train officers of the Active Army and Reserve Components, worldwide, to

function as staff officers with the Army in the field. The course consists
of two phases: Phase I is a nonresident course which the officer completes

prior to attending the resident portion; Phase II is the resident phase
which will be attended in a TDY status. The approximate length of the

course is 142 academic hours for Phase I and 360 hours for Phase II. The

curriculum provides several opportunities, as a staff officer, to think

about and analyze situations; formulate courses of action; and recommend and
justify a selected course of action to his/her commander. This paper
focuses on the student and course evaluation that was performed during
Phase II of CAS3 in its initial implementation, April through June 1981.

The Phase II CAS3 educational and training philosophy is that the stu-

dent learns by doing. The student participates In seven staff exercises
each of which serves as the focal point for the staff interactive process.

The seven exercises are linked together through a course-long general

scenario.

CAS3 believes that successful performance as a staff officer

requires: (1) the ability to analyze and solve military problems, (2)

effective communication skills, (3) the ability to interact and coordinate
as a member of a staff, and (4) an understanding of Army organization,
operations, and procedures. The primary function of CAS is the develop-

ment and improvement of these qualities within the individual students

assigned. As such, the curriculum of CAS3 has been designed to provide

each student with opportunities for personal growth in each of the afore-

mentioned areas. Phase I primarily addresses the fourth requirement while

the Phase II instruction addresses the all the requirements. Furthermore,

the Phase I cognitive objectives are generally directed at the knowledge and

comprehension level of Bloom's taxonomy while the Phase II cognitive objec-

tives are directed at the higher four levels of the taxonomy.

The educational method used during Phase II is markedly different from

that employed at other levels of the officer education system. The educa-

tional method revolves around the small group participatory process. The

students are formed into small groups, or staffs, of 12 individuals. Stu-

dents fill a variety of roles in these staffs normally based upon their

specialities and educational needs. It is within these staff group that the

staff processes and products are encountered and developed. Each staff

group is under the continuous tutelage of one member of the faculty, the

4 Staff Leader. This individual is the proctor, instructor, monitor, advisor,

and evaluator for his staff. He is responsible for the education of his

* staff group members. He monitors the progress of his students and insures

that the students achieve the educational goals and objectives of the course.
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PHASE II STUDENT EVALUATION

The main purpose of the Phase II evaluation system is to provide an
indepth assessment of each student's demonstrated capabilities throughout
the seven staff exercises as a basis to enhance student growth and develop-
ment. As such, the evaluation process focuses on the four staff officer
requirements stated previously. Secondarily, the evaluation system is used
to assess the curriculum, maintain standards for graduation, and insure stu-
dent accomplishment of the course objectives.

The evaluation philosophy of CAS3 is that the staff leader is in the
best position to provide and honest assessment of student capabilities and
suggestions for improvement. Hence, there are no standard examinations in
Phase II. Instead, the staff leader is constantly evaluating a student's
performance and providing feedback both formally and informally. The formal
feedback is provided as staff leader ratings on the learning objectives and
goals of instruction. The informal feedback consists of the day-to-day
written and oral comments provided by the staff leader. A basic principle
at CAS3 is that a student's work is at an acceptable level when the course
begins and that the work remains acceptable until definitely demonstrated
otherwise. The final student assessment is based on the capabilities of the
student as he/she exits the course and is not cumulative in nature.

Informal Evaluation

Staff leaders control the day-to-day feedback and evaluation of stu-
dents. In this regard, staff leaders use group discussion, the coordination
of staff plans, briefings, answers to impromptu questions as well as written
assignments in the evaluation of student performance.

Written products are reviewed and critiqued as appropriate, and then
returned to students for information or action. At the discretion of the
staff leader, a written task may require redoing. Staff leader oral and
written comments, as well as consultation, provide adequate opportunities
for feedback concerning oral briefings. As with written products, a brief-
ing may require repetition.

Formal Evaluation

The student receives two interim and a final evaluation during Phase II
from his/her staff leader. These evaluations focus on the ability to
analyze and solve military problems, communicate effectively, and the abil-
ity to interact and coordinate as a member of a staff. The first interim
evaluation occurs immediately following the staff techniques exercise
(2 weeks after the course begins) and provides an initial assessment of each
student's strengths and weaknesses. The second interim evaluation occurs
upon completion of the budget exercise (5 weeks). This evaluation sum-
marizes each student's demonstrated performance during the logistics, train-
ing, and budget exercises. The final evaluation is similar to the two
interim evaluations and occurs at the close of the European scenario exer-
cise. The intent of these evaluations is to let each student know how the
staff leader rates the student's performance to date, and the progress
towaPd attaining the terminal course objectives.
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Each interim and final report is composed of two main parts. The first
part consists of ratings on the specific objectives of the CAS 3 curri-

-" . culum. The second part is a narrative description of the student's perform-
ance and may be used to highlight student strengths, weaknesses, and sugges-
tions for further development. Figure 1 provides an example of a completed
final report.

Upon the completion of Phase II, a course report is developed for each
student. This course report contains the narrative section from the interim
reports, ratings on terminal objectives of the CAS 3 curriculum, a narra-
tive summary of the student's performance while attending CAS 3 , an
assigned overall rating of performance for the course, as well as the Com-
mandant's remarks, if any. All ratings are assigned using the system
defined below. The course report is retained as the official summary of
performance at CAs3.

The rating scheme to be used for evaluation the student performance con-
sists of seven categories, as defined below:

1. Exceeded Course Standards--Superior performance; exceeded
expectations.

2. Achieved Course Standards Plus--Acceptable performance; somewhat
above expectations.

3. Achieved Course Standards--Acceptable performance; met expectations.

4. Achieved Course Standards Minus--Acceptable performance; slightly
below expectations.

5. Marginally Achieved Course Standards--Borderline performance; below
expectations; improvement required.

6. Failed to Achieve Course Standards--Unacceptable performance; far
below expectations.

7. Not Evaluated--Unobserved performance; no opportunity for evaluation.

In addition, an Academic Evaluation Report (AER) is required for each
student's official personnel file. Because of the pilot nature of this
course, a waiver was obtained for individual reports and all students were
issued indentical reports with a narrative description of the course.
Eventually CAS 3 hopes to gain permission to replace the standard AER with
the Course Report which is unique to the outcomes of CAS3.

Results

One hundred seventeen Captains and Majors graduated from the first
*CAS 3 course. A summary of their final ratings is provided in table 1.
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GUIDE TO GRADING COMBINED ARMS AND SERVICES COURSE 8101
E Exceeded Course Standards STAFF SCHOOL
A Achieved Course Standards STUDENT NO: 999
M Marginally Achieved Course

Standards THIRD REPORT RANK: CPT

F Failed to Achieve Course (Preparation for Combat Exercise) NAME: John Doe
Standards (Mobilization/Deployment Exercise)

N Not Evaluated (European Scenario Exercise) BRANCH: IN

PART 1 - COURSE PERFORMANCE

Subject and Level of Performance Grad Subject and Level of Performance Grade

I. Demonstrated the ability to analyze 10. Demonstrated the ability to

a corps OPLAN (Mission Analysis). N perform staff duties in the pre- A+

2. Demonstrated the ability to write a parations of staff estimates for

division warning order. N a division defensive/offensive
mission.

3. Demonstrated the ability to prepare I1. Demonstrated the ability to
a division staff estimate (G-I/G-2/G-3/ A perform staff duties in the deve-
G-4) given a division mission and a lopment of a defensive/offensive A+
Corps OPLAN. - OPORD with supporting annexes and

4. Demonstrated the ability to write a overlap.
defensive OPLAN and prepare one or more A 12. Demonstrated the ability to
supporting annexes. perform staff duties in the execu- A

5. Demonstrated the ability to perform tion of a defensive/offensive OPORD
staff duties in the development of a A+ during a command post exercise.
plan of action for the mobilization of a 13. Demonstrated the ability to
reserve component unit. present ideas orally on military A-

6. Demonstrated the ability to perform subjects clearly and concisely.
staff duties in the development of M 14. Demonstrated the ability to
advance party and arrival plans for a employ quantitative decision N
reserve component unit. methods where appropriate.

7. Demonstrated the ability to perform 15. Demonstrated an attitude of
staff duties in the development of a A professionalism in the performance A+
closure plan for a mobilized reserve of exercise requirements.
component unit. -

8. Demonstrated the ability to perform 16. Demonstrated the abilty to A+
staff duties in the preparation of a inte a tf prodct.
plan of action to bring the division N coordinate a staff product.

to readiness condition C-1.

9. Demonstrated the ability to perform 17. Demonstrated the ability to

staff duties in developing a staff clearly and concisely present written

estimate for the deployment of a A ideas regarding military subjects. A-

division from mobilization station to
the tactical area of operation.

PART 2 - NARRATIVE
CPT Doe achieved course standards in all areas. He is a totally professional officer and this

is evident in his attitude as well as in his work. He is a total team player who interacts well

with his peers. He showed a firm grasp of the decision makini process in the preparation of

estimates/OPLANS & OPOR's at the division level. He needs to continue to work on orclanizino

and clearly presenting oral and written products.

PART 3 - STUDENT'S SIGNATURE

24 June 81 ameL.-t :Ixc PT
Date Name j/' John Doe Rank

PART 4 - STAFF LEADER'S SIGNATURE

24 June 81 LTC
Date Name John Smith Rank

Figure 1. Completed final report.
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Table 1. Course ratings for the first CAS3 class.

Category Number Percent

Exceeded Course Standard 11 9.4
Ach eved Course Standard Plus 41 35.0
Achieved Course Standard 51 43.6
Achieved Course Standard Minus 10 8.5
Marginally Achieved Course Standard 4 3.4
Failed to Achieve Course Standard 0 0.3

At the end of Phase II the students were queried about the Phase II
evaluation system. Remarkably, 60 percent responded favorably. Only 15
percent were dissatisfied enough with the evaluation system to respond in a
completely negative manner. Of the remaining 25 percent, 5 percent were
indecisive and 20 percent were deemed favorable with reservations. Several
students perceived the standards as fuzzy or nonexistent, but regarded the
evaluation as fair and equitable. Others shared this opinion for the
evaluation taking place within their staff group, but indicated they ques-
tioned whether the evaluation um fair and equitable across groups because of
different staff leader emphases. One student's thoughts were particularly
appropriate: "The evaluation was subjective but far better than a series of
objective tests." Another student commented that the varying backgrounds ;
preclude any completely fair and equitable evaluation but the current system
is acceptable as long as the course remains essentially pass/fail. In con-
clusion, it appears the students perceived the present system as accept-
able/favorable when compared to the possible alternatives. As several stu-
dents indicated, positive steps, such as further staff leader training and
staff leader group sessions reviewing previously assigned grades, should be
undertaken to insure consistent evaluation across groups.

Additionally, the widespread assignment of "achieved course standards"
or worse, the detailed and specific recommendations, as well as the frequent
requirement to redo papers at the beginning of the course seemed to produce
the following results. The fact that everyone was receiving severe criti-
cism and receiving approximately the same grades began to foster cooperation -
rather than competition within the staff groups. After the staff leader
set the standard for excellence, peer pressure to do well reinforced this
standard. Because the evaluation process lacked absolute standards, the
staff leader was able to raise his expectations for individuals as the
course progressed. Thus, the course remained a challenge for each student
until completion.
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PHASE II COURSE EVALUATION

Since this was the pilot course of CAS 3 , naturally t:ic o.:rrp ovalua-
tion focused on formative rather than summative evaluati:r. is:'.cn. That is,
the purpose of the course evaluation was to assess the strengths and weak-
nesses of the curriculum to accomplish the stated objectives and provide the
basis for curriculum revision as necessary. The evaluation e-.pnianized the
course materials, course contents, instructional techniques, and student
evaluation system. Primarily, the information gathered from the staff
leaders and students themselves formed the basis for the evaluation although
comments from the authors, administrative personnel, and student records
supplemented the primary sources.

Information Sources

As each student proceeded through Phase II, the student was asked to
maintain a file of comments on an exercise questionnaire. Standard ques-
tions regarding Phase I preparation, instructional design, and exercise
relevancy were asked. Additionally, space was provided and general ques-

" tions asked to obtain information regarding unclear assignments, directions,
written materials, course contents, etc. The completed questionnaires were

- forwarded to the exercise authors for review.

As each staff leader proceeded through Phase II, the staff leader was
asked to maintain a file of comments on each exercise. These comments
reflected teaching difficulties and suggested improvements. Upon course
completion the staff leaders met and assembled a master list of comments for
each exercise.

To examine the grading standards across staff groups, the top two and
bottom two papers of each written assignment were reviewed by the director.
Also, the direector frequently visited the staff group rooms and monitored
oral presentations and subsequently, the staff leader feedback. Reports of
all staff leader ratings on the interim, final, and course evaluations were
generated for the director as the course progressed.

Upon completion of Phase II, each student was administered a question-
naire of open-ended questions to assess the student's feelings toward theCAS3 experience. These comments were categorized according to their

degree of favorableness toward the topic and then tabulated.

Results

Once the staff leaders had amassed their comments from each exercise
and the authors had reviewed the student's exercise comments, the staff
leaders and authors met to refine the curricular contents. Principally, the
changes focused on the elimination of identified inconsistencies, the
elimination of nonessential materials, the inclusion of new materials, the
spacing of products requiring staff leader evaluation, and the resequencing
of activities.
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No major discrepancies in the staff leader grading standards resulted
from the examination of this area. Some statistical comparisons did result
in statistical significance, but the practical significance was not deemed
large enough to require the directors intervention. Additionally, no stu-
dent complaints were registered at the director level in this area. The
high degree of staff leader consistency is hypothesized to result from the
common experiences of the staff leaders (all LTCs and all but one former
battalion commanders), their staff leader training, and their understanding
of the evaluation philosophy.

Based upon the student end-of-course comments, the following general
conclusions became evident.

1. Approximately 80 percent of the students stated that the curriculum
was relevant for their branch as designed or with minor modifications.
Additionally, 85 percent concluded the program is worth the monetary cost
associated with implementation.

2. The strengths of CAS 3 are the staff group concept, the association
of contempories from differing branches, and the experienced staff leaders.

3. The course was particularly effective in providing feedback. to stu-
dents and instilling confidence in their abilities to brief, write, and
defend solutions.

4 . The performance oriented student evaluation system used during
Phase II was well received by a majority of the students.

5. Several students reported that attendance at CAS3 instilled posi-
tive attitudes toward the Army and its training system.

6. The after action critiquas revealed a tendency for students to focus
their attentions on specific curriculum contents rather than on the learning
of staff processes and procedures.

7. Phase I is marginally required in its current form and as presented
as a prerequisite for Phase II. However', many students indicated it served
as a good refresher course and provided valuable professional development
information.

8. The learning objectives were not sufficiently integrated into the
curriculum In a manner that was useful to students.

9. For the Phase II curriculum, students indicated that the current
staff leader-centered instruction is more effective than instruction that
could be received primarily from subject matter experts.

10. The pilot CAS3 program did not contain an overriding major flaw
that severely restricted learning.
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K>AD POO 'A
USING THE SYSTms APPROACH To iDEELOP THE cAS 3 CURRICULUM

Dennis A. DeFrain, LTC
Faculty Development Officer/Instructional Technologist

U.S. Army Command and General Staff College

The U.S. Army Command and General Staff College (CGSC) at Fort Leavenworth,
Kansas recently implemented an Accountable Instructional System based on
the Florida State ISD model. This system was used to develop the curriculum
for the new Combined Arms and Services Staff School (CAS ), a part of CGSC.
Implementation of Phases II (Design), and III (Develop) of this model are
discussed. Specific topics include development and approval of learning
objectives, the General Officer subcourse review, and the development of
evaluation instruments for the non-resident phase of the CAsH curriculum.
Finally, the advantages of using the systems approach and lessons learned
are addressed.

15
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USING THE SYSTEMS APPROACH TO DEmELOP THE cAs3 cuuuICULUM

The U.S. Army Command and General Staff College at Fort Leavenworth,
Kansas has implemented within the past two years a five-phased accountable
instructional system based upon the Instructional Systems Development (ISD)
model as developed by Florida State University for the Department of Defense.
This paper will discuss the CGSC system in broad terms and will show how it
was used to develop the CAs 3 curriculum. Primary emphasis will be placed
on the Design Phase (Phase II), and the Develop Phase (Phase III). Other
papers will discuss the analysis, implement, and. evaluate phases of the
system. In discussing the design and develop phases, four major areas will
be addressed. They area Learning objectives, evaluation instruments for
the non-resident phase of instruction, the checklist used for evaluating the
test instruments, and the subcourse review.

CGSC Accountable Instructional System (AIS)

The CGSC Accountable Instructional System was implemented in early 1980because of the perceived need to manage course content in a more systematic

manner. It was not designed to make drastic changes in the curriculum pro-
cesses, in fact many of the steps in the model were already in effect and
had been so for many years. The primary changes which the AIS addressed
were the regular, periodic checks made during the instructional development
process. These checks, called accountable checkpoints appear in each phase
of the system and provide feedback to the decision makers at times when
changes and improvements can be made. The following chart shows the CGSC
model and the accountable checkpoints for each phase of the system.

COMM1AND AND GENERAL STAFF COLLEGE ACCOUNTABLE INSTRUCTIONAL SYSTEM

PHASE I ACCOUNTABLE CHECKPOINTSASSESS/AMALYZE PLANNING GUIDANCE
COURSE GOALS

ACCNABLE CHECKPOINTS PHASE V PHASE II ACCOUNTABLE CHECKPOINTS
POST INSTRUCTION CONFERENCE CONTROL/EVALUATE DESIGN INSTRUCTIONAL OBJECTI

POST INSTRUCTION REPORT REVIEW
DC SUBCOURSE REVIEW

PHASEIII ACOUNTABLE CH4ECKPOINTS
ACCOUNTABLE CHECKPOINTS COURSE/SUBCOURSE

IINSTRUCTOR REHEARSALS J PHS IIATA CARD (951)IMPLEMENT / DAACR(9) .
EXAM APPROVAL

E & P DATE
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Learning Objectives

The first steps in Phase II (Design) call for the writing of Terminal
Learning Objectives and Enabling Learning Objectives. CGSC used Terminal
Learning Objectives as final outcomes that students were expected to master
as a result of receiving instruction. Enabling Learning Objectives were
intermediate objectives which were to be mastered prior to achieving the
Terminal Learning Objective. CAS3 authors wrote Terminal Learning Objectives
once they had completed their subject matter research and had determined
which knowledges and performances they would teach. Enabling Learning Object-
ives were then developed. As the learning objectives were being developed,
the CAS3 authors were assisted by an instructional technologist from the
Office of Curriculum Assistance (OCA), an agency within CGSC, but not a part
of the CAS 3 organization. This assistance was capped by a final formal
review of each objective, the first AIS accountable checkpoint. The review
insured that all objectives were in the CGSC standardized format of Task,
Conditions, and Standards. The task statements were reviewed for clarity
and to insure that they reflected desired learning outcomes and specified
only one desired performance. The conditions were checked to determine if
they included all necessary descriptions of the environment in which the task
was to be performed. The standards were reviewed to insure that they told
the student exactly how the task would be evaluated.

Once the formal review was completed, the learning objectives were sub-
mitted to the CAS3 director for final approval. Following approval, the
learning objectives were subject coded and placed into the CGSC computerized
learning objective data base. This data base allowed authors and supervis-
ory personnel to receive computerized listings by subject matter area to
check for redundancies. It also provided a readily accessible system for
reviewing the learning objectives by those within the CAS' organization and
those outside the organization who had managerial interest in the course,
thus providing another form of accountability.

General Officer Subcourse Review

Once the learning objectives had been developed and the course authors
had structured their individual courses, they briefed the course content
as planned to a General Officer. He reviewed each course to determine the
general direction which the course was taking, to verify consistency with
prior guidance, to insure that the proper objectives were being taught, and
to review the general evaluation plan. This accountable checkpoint allowed
General Officer input early in the development process and precluded changes
and revisions at later dates. The subcourse review was followed by detailed
subject matter content research, methodology and media selection, and the
writing of the evaluation instruments.

Evaluation Instruments (Non-Resident Phase of Instruction)

Once the learning objectives had been written and approved, the instruct-
ional material was developed and the evaluation instruments were written. The
material development and the writing of evaluation instruments took place dur-
ing Phase III (Develop) of the accountable instructional system. For each
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of the non-resident modules, a Pre-test and a Post-test was written. As each
student began F module, he was required to take the Pre-test and self score it.
If he received a score of 90 percent on this test, he was not required to com-
plete that module. If he scored between 75 and 90 percent, it was recommended
that he study the material. If he scored below 75 percent, he was required to

complete the module. The Post-test was scored in a similar manner and served
as a check to insure that the student had mastered the learning objectives.
After completing all modules, the students were administered a 180 question
qualification examination which tested a sample of all material in the non-
resident course.

Evaluation Instrument Checklist

The Pre-tests, Post-tests, and Qualification Examination were submitted
to the Office of Curriculum Assistance for approval. This office used a stan-
dardized checklist to review each evaluation instrument. This checklist add-
ressed the followings Relationship of learning objectives to test items,
weighting, construction of test items, and mechanical features of the test to

include such things as item format, scoring arrangements, and distribution of

correct responses. The test approval procedures required that a Table of
Specifications be filled out by the author to check on the relationship of
learning objectives to test items. The following shows a sample Table of
Specificationst

TABLZ OF SPECIFICATIONS

Learning Objective Level of Achievement and Number of Items Total No. of Items

No. Level KNOW .CCtMP APPL ANAL SYN EVAL

X1 Co.-
:" ,AP.L Co.,Op / Z -

4 .oz ,roveW _"_

A. o3 Co,* 2.. _

s.02 4covooj 2. - _ _2
C __ _ _ _ _ __ _ __ _

C.O 0 DM ' 2, ".

This sample shows that all test questions are writ-ten at cognitive levels

similar to those of the learning objective'm except for those of learning

objective B.02. The two questic 3 which c ce not similar were required to
be rewritten to the proper level.
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Across the top of the preceding Table of Specifications chart are Bloom's
six cognitive levels of learning, namely: Knowledge, Comprehension, Appli-
cation, Analysis, Synthesis, and Evaluation. The Table of Specifications
is used in the following manner: Along the left side in the first column,
the cognitive level that the learning objective is written at is indicated.
The level that each test item is written at is shown under the appropriate
column on the right part of the chart. A review of the chart will quickly
show if the test items are written at the same levels as the learning obj-
ectives. It if felt that it is proper for a learning objective to be
written at a higher cognitive level than a test item, but not vice-versa.

The next step in the test instrument approval process was to insure
that the weighting of the test items was in direct proportion to the emphasis
placed on the learning objective. This was checked through use of a weight-
ing chart similar to the one shown below,

SAMPLING/WEIGHTING CHART

TLO/ELO No. Emphasis Placed SAMPLING-% of items WEIGHTING-% of points
on TO/ELO covering this ThO/ELO covering this TLo/ELO

.. .......

A~o3 off4~
403 x rar

,.4

S.01 .zo P X? ce 1. ' M"

In this example, it can be seen that fifty percent of the course dealt
with learning objective A. Of the 32 total questions on the examination,
18 of them addressed objective A. If the questions had been weighted
equally, the sampling for this objective would have been quite good, however,
as seen in the last column, the questions were not weighted equally and the
weighting for the examination was not proportio tl to thd emphasis placed on
each of the objectives.

1660



In the sample chart on the preceding page, the learning objectives were listed
down the column on the left hand side of the form. The emphasis placed on
each learning objective as shown in the next column was obtained from a review
of the course materials and subjective input from the course author. The samp-
ling column checked the number of items covering each learning objective, and
by comparing the sampling column to the data in the second column, test review-
ers could readily determine if the weighting was appropriate. If the test items
were of unequal weight, the last column would be used to compute the emphasis
placed on each objective, and again a quick check of each objective would show
whether or not there was appropriate weighting. Each Pre-test and rost-test
was reviewed using this process, as was the qualification examination.

In addition to the relationship of learning objectives to test items and
weighting, the evaluation instruments were also checked for construction of
test items and mechanical features. Each test item stem and answer to in-

*clude alternatives and distractors when appropriate was checked for form,
clarity, grammar, and consistency. Mechanical features which were checked in-
cluded test format, scoring arrangements, distribution of correct answers,
arrangement of items, and directions for answering questions.

Advantages of the Systems Approach to CAS 3 Course Development

There were quite a number of advantages to using the systems approach
for development of this course of instruction. Primarily though, the chief
advantages included logic, accountability, and standardization. First, this
approach used a logical method of course development starting with development
of achievable course goals. Learning objectives were written to support the
course goals and all course materials were developed around the learning obj-
ectives. Each course author knew exactly where he was and where he was going
at all times in the development process. Accountability, as has already been
discussed, was achieved through regular and periodic checks as the instruct-
ion was being developed. Standardization was achieved by the requirement to
have learning objectives in a prescribed format and by having evaluation ins-
truments and other course materials constructed in like manners.

Lessons Learned

1. After the course was administered once, it was determined that some
of the subject matter needed to be sequenced differently. Because the subject
matter was written around learning objectives, it was easy to move it from one
course to another without major revision or rewrite.

2. Course authors at first felt that the systems approach was cumbersome
and not needed, however, after the course was given, most, if not all saw the
advantages and are now supporters of this approach.

3. The use of learning objectives was more of an advantage to the authors
than to the students. Authors were able to easily develop course materials
once they had determined eractly where they were going through the development
of learning objectives. Learning objectives, were in some cases over
used in that too many of them were developed. Some learning objectives were
simply teaching points and actually tended to hinder students who were trying
to study and understand all of them.
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14. The writing of learning objectives for the resident instruction phase

was much easier than for the non-resident instruction. This was because higher

cognitive levels of learning could be addressed much more easily in the resi-

dent course. The non-resident course dealt primarily with the lower cognitive
levels of Knowledge and Comprehension and provided a real challenge to authors
to come up with challenging, meaningful objectives.

Summary

The use of a systems approach to the development of CAS3 instruction
provided a logical, standardized approach which insured accountability at each
developmental step.
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CREATING A NEW CURRICULUM TO TRAIN
ARMY STAFF OFFICERS

by

Ralph W. Ekwall Ed. D
Educational Specialist
CGSC, Ft. Leavenworth, Kansas

This paper begins with explanations and definitions needed to under-
tand the remainder of the paper. The major topic is an explanation of
ie process by which the US Amy developed a new program to train US Army
taff officers. A step by step chronology of the curriculum development
rocess is explained. The major emphasis is on the methodology used to devel-
- the curriculum, but a topical summary of the content is included. Follow-
ng the chronology, some specific topics such as strategy for implementation,
lanning activities, personnel, and other topics are discussed. The final
action is a summary of lessons learned which may have application to other
irriculum developers.
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DEFINITIONS AND EXPLANATIONS

1. BACKGROUND. To begin this presentation several definitions and explana-
tions will be given to enable you to better understand the content. In June
of 1978 the U.S. Army completed a study called the RETO study. RETO stands
for Review of Education and Training of Officers. This study identified a
shortfall in staff officer training and recommended the creation of a new school
to train U.S. Army staff officers. The new program was developed by an
independent cell of planners within the Command and General Staff College
at Fort Leavenworth, Kansas. The name of the new school is CAS3 which stands
for the Combined Arms and Services.Staff School. This program is designed to
train Army staff officers in the common or generic skills rather than in
specific skills. Stated another way: CAS3 is not in the business of training
logisticians or intelligence specialists: it is in the business of training
staff officers.

2. LENGTH AND STRUCTURE. The CAS3 program consists of a 140 hour package of
nonresident instruction, a qualifying exam, and a nine week period of resident
instruction. The nonresident portion is also called phase I; the resident
portion is called phase II.

3. PROGRESS. The first iteration of CAS3 was completed in June, 1981. In
1981, about 120 officers received CAS3 training. In 1982 about 720 officers
will be trained; in 1983 and 1984 about 1000 officers will receive training.
When fully implemented in 1985 and the years following about 3800 officers
per year will receive CAS3 training. At full implementation nearly every
Army officer will receive CAS3 training. Most of the CAS3 students will be
captains in their 6th to 9th year of service.

The plan of the remainder of this presentation is to go through the major
steps in the curriculum development process with a digression on the content of
the curriculum and another digression of the characteristics of the two phases.
Following the chronology there will be an explanation of some topics you
may want to know about and some things that we want to tell you about.

STEPS IN CURRICULUM DEVELOPMENT

A review of the chronology shows that the curriculum development process
was condensed into a relatively short period of time. The major portion of the
curriculum development was completed in about 18 months. The amount of time
allocated for program development was specified by the TRADOC commander.
Intensive efforts were required to complete the job.

A systems approach was used in the curriculum development process. The
model used in the initial stages was the general ISD model. The CGSC version
of ISD was developed during the CAS3 curriculum development process and in the
later stages it served as the systems model for curriculum development.
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The first part of the curriculum development process was the Analysis process.
At this stage of the process, resources were limited and CAS3 was under some
time pressure, even so, staff members were able to do reasonably good job analysis
of the work of an Army staff officer. A major effort at this time was the
development of a task list. The sources of the task list were sources such as
the following:

a. Data from the RETO study
b. Panels of staff officers
c. Command guidance
d. CGSC departmental input
e. Borrowing from other job analysis programs
f. Research and borrowing from other research

The general policy during the task list development stage was to include every
suggested task without regard for duplication, level of specificity, scope or
language. At one point the list contained about 400 tasks. After collecting
task data, the task list was edited and refined. Duplicate tasks were eliminated;
tasks judged to be more appropriate for enlisted men were eliminated; tasks
written at very high levels of specificity were subsumed under other tasks
or eliminated; tasks were edited so that they were stated in similar fashion
and stated in behavioral terms. At the conclusion of the editing and refine-
ment process the task list contained 66 tasks and 13 skills and knowledge
statements. Examples of tasks: Formulate command operating budget; Develop
a plan for employment of electronic warfare assets; Prepare a staff study.
Example of skills and knowledge statements: Principles of management;
Capabilities and limitations of Soviet weapons systems. The refined task list
was used as a basis of a survey of officers attending CGSC who had served as
staff officers. Each task was the basis of 4 questions. (1) How much time do
you spend performing this task? (2) How often do you do this task? (3) How -

* difficult is it to learn to perform this task? (4) What are the consequences
of inadequate performance of this task? About 270 responses were analyzed.
Our analysis of the survey data was the basis for our recommendation to the
Critical Task Selection Board. The Critical Task Selection Board was a board
consisting of 4 generals and the director of CAS 3. For the most part the
Critical Task Selection Board approved the recommendations.

At this time the first steps in the design process began. 3Based on the
survey data and the philosophical concept developed by the CAS task force, a
notional resident phase was created. A series of 7 exercises were planned. These
exercises were planned so that the recommended tasks would be taught in the
exercise. After the phase II exercises were planned, the phase I modules
needed to support phase II were designed. This is probably a good time to look
at the content of the curriculum.

Some of the material in the nonresident phase serves as a support for the
resident phase, but other portions of the material contain general information
useful for general professional development.

The phase I module is designed to be done on an individual basis in a self-paced mode. It provides instruction by means of several varieties of programed
learning materials. It is designed to be administered as a correspondence
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program. Nearly all of the learning objectives are at the knowledge or
comprehension level. The intent of phase I is to provide students with a

common base of knowledge when they begin phase II. Phase II instruction is
presented in 12 person staff groups guided by a senior lieutenant-colonel with
battalion command experience. The learning activities in phase II are
designed in such a way that interaction and coordination among participants
is required. The learning objectives in phase II are those requiring a
higher level of mental activity. Students are evaluated on an individual basis
for the purpose of improvement; the emphasis is on skills rather than content.
Phase II was designed so that the student would perform in much the same way
as a real world staff situation. The student would do things that staff
officers do; they would prepare staff studies; they would coordinate actions;
they would interact, cooperate and exchange information; they would have
an opportunity to make real world decisions without paying real world
penalties for mistakes.

After phase I and phase II initial planning was completed, authors were
assigned and trained. The first task of the authors was to develop TLOs and
ELOs. Teams of Authors, with 1-3 members, corresponding to the Phase II exer-
cise were formed. Senior authors for each team were appointed. Each team was
responsible for the preparation of the phase II exercise and the phase I
modules that supported it. A concurrent task was planning and presenting
a detailed briefing of the planned content of each exercise. This briefing
was presented to the director and the entire staff for comment. After suggestions
for revision had been incorporated, curriculum writing began with phase I modules
being done first followed by phase II exercises.

During the time that phase II exercises were being written, staff leaders
were trained. Final work on curriculum writing was completed during the first
iteration of the instructional program. Following completion of the first
iteration, we have done some curriculum revision and we are now in the process
of training additional staff leaders. This completes the chronology of curri-
culum development; your attention is directed to some special topics.

SPECIAL TOPICS

1. STRATEGY FOR IMPLEMENTATION. One of the design concepts for CAS3 was
that phase II instruction would consist of instructional methods and materials
that utilized simulations and/or practical exercises, case studies, discussion, and
problem solving materials. To implement this concept the concept was presented
to newly arrived authors or staff leaders at their in-briefing. The methods were
modeled and promoted in author training. Authors were actively encouraged
to prepare instructional materials that fitted the CAS3philosophy of instruction.
When staff leaders were trained, the methods were modeled and promoted and
staff leaders were trained in their use. In this manner a curriculum was developed that
conformed to our philosophical concept. The same method was used to implement
the phase I-phase II concept and other aspects of the program.

2. SINGLE THREAD CONCEPT. The exercises in phase II are linked together

by a single thread. This means that all of the phase II learning activities have
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have a single setting. That setting is the 52nd division. In that setting
students are trained as staff officers and then do staff work in areas such
as budget and training; a roundout brigade is
mobilized and the division is deployed to Europe. The final exercise is a com-
bat exercise in Europe. Through all seven exercises there is a single frame-
work, the 52nd division; this provides a common focus even though the situation
changes with each exercise.

3. PLANNING ACTIVITIES. At the inception of the CAS3 program, the TRADOC,
commander provided direction to CAS3 planners, and having given that direction,
then allowed the CAS3 staff to do their job. Planning activities were necessary
to accomplish the planned goals.

Throughout the entire program development process, planning activities
helped to guide, motivate, and provide priorities for program and curriculum
development. The leadership of CAS3 provided overall planning guidance and pre-
pared milestone charts which were revised from time to time. Team leaders and
individuals developed their own planning charts within the framework of the
milestone charts prepared by CASa leadership. At one point a PERT chart was
developed, but CAS3 lost the services of the officer who had developed it.
Since there was no individual responsible for revising or updating the PERT
chart, the program continued to use milestone charts which proved to be adequate.

4. PERSONNEL. You may wish to know more about the people who planned and developed the
CAS3 program. There are two full-time civilian employees on the professional
staff. One works mostly in the area of staff development and the other in
evaluation. Most of the work in planning and curriculum development has been
done by a staff that consists of mostly lieutenant colonels and a few majors.
These officers were a select group, but had no specific training as authors
or in subject matter areas. By means of the CAS3 author training program
and intensive self-study they became experts in writing and in their subject
matter areas. All of the instruction was provided by lieutenant-colonels who were,
for the most part, former battalion commanders. These instructors, or Staff Leaders,
were provided with an intensive training program to give the knowledge and skills
necessary to function as Staff Leaders. The director of the program is a full
colonel.

5. PROMOTING THE IMAGE. The CAS3 staff undertook a series of actions designed to
promote the image of the CAS 3 program. Since CAS3 functions as a department at the
Command and General Staff College at Fort Leavenworth, %ome of these actions were
directed to the Command and General Staff College. CASJ used the other departments
at CGSC in an advisory and consultive capacity. This provided access to a pool of
expertise, developed some personal relationships and improved our standing. On
a larger basis, CAS3 provided status briefings for the commandant and deputy
commandant, for visiting generals and other VIPS, for National Guard and USAR
groups, for regular students at CGSC, and to various special groups. The
use of general officers on the Critical Task Selection Board helped to promote
our image. Our program maintained a constant liaison with TRADOC. A POI was
submitted to Army branch schools for review and comment; experts were invited
to review and comment and on our work. Not every one of these initiatives were
undertaken for the purpose of promoting the image, but all served to improve

1our standing.
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6. NEW PROGRAM. The CAS3 curriculum is unique because it Is an entirely
new program rather than a revision of an existing program. ThIs meant that the
innovative aspects. of the program could be implemented rather easily. However,
the writing of a new curriculum created some problems. No single text, field
manual, or existing curriculum contained the necessary materials; therefore the
writing required extensive research and extraordinary creativity. In certain areas,

,- the authors found that a doctrinal base was inadequate or lacking, CAS3 authors
managed by use of the following: adopt, adapt, borrow, modernize, and collect
advice from proponent agencies.

LESSONS LEARNED

- Finally, some lessons learned that you may find useful.

1. Quality leadership is essential for the success of a new program.

2. Careful planning and adherence to plans is an essential ingredient of
success, but plans need to be continuously reviewed and revised.

3. A systems approach to curriculum development provides the needed framework
for building a new program.

4. Promotional activities are an important ingredient of a successful
program.

5. Control of a program is a necessary ingredient of success. In our case
we were able to control things like the philosophy, methodology, author
training, staff leader training, most of the content, the structure of the
curriculum, and the administration of the program.

6. Defend the program. While we incorporated command guidance, we knew what
we wanted to do and refused advice and suggestions that were contrary to
our plans.

7. Preparation. Prepare carefully for briefings; make sure that plans are
carefully thought out previous to important briefings. Have positive
plans or positions prepared. Be ready to say "We plan to do..." or
our position is that it should be done in this manner..." Don't be
caught in the position of not knowing what you plan to do.

This is only a partial summary of lessons learned; other speakers will add to the
lessons learned.
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'Lllc JlC'(·:c1 -Lo devc·lop :tn:.;trur~t.:ion for u~:c :tn f-lll!'t'l.l g1•oup tJ•n:Irri.ne, 1'(:rp.d.-r.:::c1 
(;[ff·enmt author f•ki.lJr~ than those no:rrrnaJ.ly nppl.ic.::d h1 f,1'1ny :i.M:L-at,l:.iunrt1 
·:.ru:i.n:Lnr; :3ystems. In orc1cr to limit i.hi.s jlop.·-~r, r;(~l0r_:-L,~cl aron:; (1£' :tuLhrJJ' 
'Lr.·r.dnilJG dc>0m~)d \l8C'fu1 v:UJ. ho hlghHGht.cd. 

Acco•.:nt.a.1)l'! Irwtn1et:i.on .. c~YG t0m 
--·---~·---·-----·-------. , __ 
'.1'l1f~ f:i.r·st fl·r··.:;a to lH": ll.lF,:hl:i.ghtctl :in t.hc :i nr,:trl!(:U.on •::hi.nb :rn·ov:i ~t,_•(l 1,}1;: 

au :.ho :·:; •.•.1 i ·~h rm in t. r.'l)d1; ct'.i.on 'Lo 'Lh:.: CGSC !.e.c~om:rLnt'J c Irwtru~tj O'l .~··~fl'll(':T~ P . .-,c!;Jl 
( f·i )~\ll'L' l). Jm [t'.'i1.\~'0l1N:.~J Ol th:i.s moc)r:} :fYl'OVJ<l~"d })'':L'~:pecti 'v"(! f'l'O!J: the 'br:g:i.Jm:J.·:::;. 

CO:·i .. V\ND NJD (..;r::NER/\.L STAFf COLLEC~E ACCOUU'l'ABL~~ Jlif:':~~l'n.UCT'TOHAL SY;nnl 

-- .. -~ .. ---·~·····-............... ·-··-·-'· 
t.c~c:c)U!'l r·;\r~ ! ... ~.; c; , :::c~1<J '~' .r N r::· .:;~ 
',"'";' ·; ... ,..-;::.-:-;1 .;','"/.'., ·: ,'"'"";.\''"i'"', - ... ;,-·1~, .. ,.\'i ... l:.- ... _ ... ~ 
Jh.i.l'1/li: .. :t)J: :·.!.l•~.il\.1/, '·' .l 

------""-·--·-···-·-....... -.-....... - .... - tr' 

I 

----.... _ 
P'd!:.;:.)}: J 

Ac;S1~S2)/ /\tV\ T;v;,(~ 

PI-Ti\SE V 
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n:::vr:r nr 
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d:'cL.,O (.(Jv k1'nv"e 111 ') '.WOkl' ( ]12 th[, pIJ L.'. CLC. inl;l .riv'r .( I ',,S < A"] i :} , tAL(': ' '

: 'I.d b. evuluated (P.ha"- V Further, tLh.:i ti- ,r uvcic .L, 1 .,v a

nssSrvt wuLIdA bo In1dr (Phase I ) and rcdoL;ig (Y1ha s.. I I ) Irul cevi- -s]
rc-'ui ii-+ed. Ari under', toridir¢g: of this ";5:tr:: p!, vidc, t r-rL V, ..r), I t
,ensure2 Lhe eoUr;e er. Olf, Lcd tht t iIril rg nedr def -I i Ly Ihe
* )c"~ ' no Li on board. Fur . ir, und-r.Landing the ol(. a.nd L It -
* rclato-h p among ueafb of th of the made] a-)Iloed the aut, hUr to
make writing decisions from the systems perspective. For exam.'ple, whein
developing a ]earning objective, (Phase II) the author could rtike an
initial assessment of' how that objective might be evalu,,-ted (Phase V) and
then use this itiformation in developing the materials (Phase Ii]). The
ol errtative would have been -to think one step at a time with the potential
for developing course materiils which in fact did not support the course
objectives and subsequent evaluation insLruments ;hich supported course
matcrials that had deviated from the objectives.

Small Group Orientation

Another important aspect of the training was related to small group
orientation. This training encompassed information about characteristics
or small groups, how groups organize both formally and informally, how they
develop norms, the relationship between the size of -the group and group
interaction along with instruction on other aspects of the group. This was
especially useful in orienting the author towards teaching methods that would
best serve the group forum. The case study was identified as an example of a
i-thod of instruction that is well suited for small groups. During training,
authors in fact participated as members of a group, each author having dif-
ferent infonriaiion with the group, having to work together in order to come
up with an acceptable, common solution. This created an awareness in the
authors of the effectiveness of the care study approach. It also provided an
e.ample of how materials might be developed in order to cause student
coordination and interaction.

Blooms Taxonomy

Finally, authors were introduced to Blooms Taxonomy of Learning. This
wos critical to the writing effort as authors had to develop inst ructional
m' e.iaLo designed to help students acquire basic knowledge iniL tally so
they would have -the capability of analyzing and synthesizing challenging
problems later in the course.

is icel..e ous

Altl~igh only three areas of author training were highligh ed, several
other asp:ct- of the training were useful. The- mechanics of prooescing
materals from the authoro; desk, through editing, through piritinig and into
the classroom was valuable. An introduction to classroom conUit.nratio, and
audio visual equipment availablc in the ci asuroom was also vuluabl.e. The
point is that had author trainivi:, not. oecurrA d, the task of rir.1 Irg 1 -,ig
c(ouro.e w,,,ld have been consi der;.tiy more dtfficul,.
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Lr:i' r•1tl ·n,; C!J,i Nl l.:t V~'UI 
-~····- ... _._ ..... ~ ......... _ ................... ····" ..... .. 

l•'o1:!o·:,,.tng u11thor~ 'L'l•n.tn:tnr~ the.~ t.nr!'l< <'!' ·~·:rl t:l:ng ~oaltWrW~':!(I, Ht·v·l!i[{ hr,rJ 
'l'hl·: nppo~·L1ndt.y to develop cn:omplo lourJt'inr~ ohj'.!•.•l;:tvr:l: (fln•Jr,f~ i"l~1.:'1t' t,·;·tntr.:, 
t.lH' Lunl: di'-l nnL flOCm pnl,cnl·:in1ly cliJ't':fmJ'Lt. Jw n ''';);,:ul.t, rm <Jrt.'l:t :,:J:J;Jt·n. :: 

\'!:lr: Ct·:tnbl·i r:l10.cl to COnt}"'lE•tP. dovolop!liOll t or l~Jfl.L•nlr:!l, oh,1 (;'C t.1 VCU, t!IJ CitlthiH' 

l~!Dt th:L H f~u:-:~pcm:.-;~. Tho T'~ cwon for thi. s :1. n thnt. buf'oH! mcmrd nr,f'ul ler,·rutn:~ 
objc·;~·uvcs can ll:: d(!V<:.1Joped, llttslc rcewarch fn!J::Jt b(t Hour-ly c.~orllplt:~od, /1u;, 
rmmlt, the \':dt:tne effort nppen.red bchi11d HclJ~:~(1ulc from tho 1>0g:!unlng. 'ri~(~ 
'l'r:1:Ln:tng 1'-b.n:.•-Gemcnt Ohj ect:J.veB VJ(~re dr.~vcloped betwe~n the end of tlte f'lrr~t 
week Jn Aut;w;t and the end or the first week in Novembc~r. 'l'hc lc:nrning 
object'i.vt-!::: t:mpported 5 hourc. of non-resident 1nntruc'l:,ion ond 39 houro of 
resident instruction . 

In retrospect, early development or lcarn:tng objc~Mveo wao unefu1 no :i.t 
S<..')rved an an organl7Jcr for developing t.hc courM m'lter1nl~•. In at lmu.;t one 
instance, before the nu thc:r began writing co11:r:·H~ mat.cn:iaJ.H, he pluced each 
lcurllins:; objective on a sepnrate plecc of :po.per tmd organi7-ad t.h8r.: :i.n u Jc•zjcnl 
soqncm(:e of term1nnl lc~L!'n"lng objcctivefl and enabling lcnrninr; objcctivo:~ on 
a tack board. He ·then juggled ·the objt·ctives to csta.bl'ish n logicnl flov: w:ith 
ca(·dcr objectives occurr.i.ng earlier and more d:tfficul t ones later in the flcm. 
Next he developed a s t.ory line incorporating the objecti V<'lS in conjunction 
vr.ith the flm·r diagram. This resulted in a loc;:tcnl road rnap for deV(-:!loprr.~nt. 
of course materinls und provided loeic and direction for the writing offorL. 

Single Thread Concept • 

T11e intent of the .::ine;le thread concept w~tD to M.e all seven exerci~;;er; 
jJl the. res1.dcnt portion of th(? course to a eommon t1.me line, corr!!:'.on organi
~·.aUon, nnd n common tH~tting. · From the authors pe1·.:::pecti ve this was difficult 
duri.n£~ the ftr::.t iteration for n number of reasons. 

ll.uthcrs vrere not yet assigned when the inl tin 1 sequcnc:tne of the courr:e 
vmrJ cstabl.i.sh0d and as a result di(l not Hr10re :tn the rationale for c:::tablif:l~
mmt t of the f;ingle thrend. There \'tns nloo some confurdon regardin~ tl1e 
(}:::f'·i-rdttc;l or n. siq;le threod. D:i.d :::inr;le thread l::!~nn th:~t euch vr:ril:1.ng 
tomn uccd similar t:taff pr-oduc ~!l for purpose:: of evaluation (lrl'lcfi.n;:.:::, J.(d,t(!rH, 
r.:C7'!Ur:wdums, etc.)? D.ld it m8an a <:owmon secnu:r:to? Did it mr~nn a cor:~~c,:t ti;.e 

? Sir1glr~ tl1rc:ad IlQ'N Incans all of t:tv~se. J\dd'lt:iot1ally, t·he t:~ole alJtl't:)~· 
in Ctt~ h~y are~.t re'L:i.rt~d u•lcxpr~c·L!;clly uncl for a pe~.·.iod no author r.::w avHll:l hJ. • 
tu coonl'.i1:n~·.c ;;inglc tra•ead in thif.: ar~:n, AlfH) t~tt'll'C Vine o. .feeling ot' np-· 
}.·1'< rYL t1"10 p~~-c· ~ of authors lxwect on m·:m:::tg<?ltl>?n t. 1 s :tni ti:)J :i.ne.:wrect 
:u :::c:~;:~lil')l~ t:. or ti.rne rcqtl'i t·erl to t1evclo}'> len:rning ob.jc~-t.Jven. '.l'hef.•': f'neto.es 
1·er:ultr~d :in d.r.;<:ht{lon fro:u t-.hC' single tht·eod in ·sor:li.: :in~::-!..ml(:cr:. Feelin(1 tin:: 
}./LY:·:,:nrG in [~r::tt.:ing r··::ndy fo:c the Apr:tl conr:>'3, nuthors cl'i d no L c0o:rJ ino.te ··:; 
Ll.l(lf'VJ;_.;h:Ly n::; nt.:c:s8Sftt'.Y t0 :inour•"! u eorr.rnon t·i.J;.r) lin<'l. Adc1·lti.o:~~~11:r :nrthtll'i~ 

dtd 1'\:)r, a:;:-~~~::1:> \·:hr'!rc t.h(! po'l;·Uon of :i.rwtrnr:ti.on f'O'(' w1d~!h l.1H~.Y \'ic•ro 't't]~:p0~•· 
;·: Lbl c \'.'Di.~] rJ b~r:t fit. .i.n IJ10 over-nD 'l.lw~ :.~ ... ~(]Uf"Dc>:i.n,:; 'ttl'li:U "'aLr: :in !.he ll\:•-
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W

°
t.l to, suppcrr':,t a '' CO "I i , C . 'ld (:c :fC':,is' 'v,.h ' ,and

i! , ey

b-At::en the tvo.

The notLion o I wr'i t~init-to sujppo-rtL E, -o1.1o1vc,-' d (:no Lis v ,.,ble -Ind

during the curren . '5e of -tIe coulrce deizitiou, fro:, tbt: co!Z;,ni fht-Dc
founid In the first iter, Lion, have been correctod. B. f're the rer,,l Le
begart all. authors sat iu conference and discussed set Ii,tu. . for respecitive
exercises, identity of the organizations to be used arid established a
common cours e time line and sce-nario. Initial review, subject to trial in
the classroom, indlc,i tes that the re.,rite has successfully incorporaLed tLhe
single thread concept.

Process versus Content

From the authors perspective the notion of concern for process and pro-
cedures versus contefit was challenging. The intent of the course was to
have the student ga-in as much learning as possible from doing. Therefore,
instead of telling the student "you must coordinate staff papers" (content)
the orientation was on having the student prepare a paper integrating in-
formation gained from others and then actually coordinating the paper with
outside sources (process and/or procedure). In order to develop situations
ahere process and procedure were incorporated took imagination and creativity
on the part of the authors. Frequently, it was necessary for authors to
write from several pers'ectives in order to develop a situation adequately.
For exanple, in developing a sftuation the author may write the situation
from the perspective of the administrative officer. This may be followed by
writing about the same situation from the perspective of the operations officer.
This would continue until all perspectives necessary were created wi-th each
student having partial informaLion with which to solve a problem. Writing
in this mannier could cause students to interact and to use the coordination
process in reso.vinig prolems but was difficult from the authors point of
view. Instead of providirg one docum.ent with all the information, the author
would provide from three to twelve documents in develoning a given situation
depending on the grouo structui'e the author sel.cted for resolving the problem.
Ile in essence would write a puzzle for the students to solve.

Finally, whrn -the .ldent mater.ials were dcveloped, the author was re-
quired to prep,-re an ins' 'ructors guide to insure that instructor,; would1
sais'y objectiv.2a _ntend-:d by the author. As a result, the writing effort
req.ir-ed in de-mtna course with focus on procer. , and procedure was mlY(re
d".:icult and Li,:' cor:.i:,iing than it would h'ive ben if tiin focus would havo
b',!oi;sole:1 y on :oln _,n".

i'rin A1.- Prr 'ehlur.-.:c

The finA. ar tion r- ',uii of -he- author v.ns to cre that r:iiat rj .
',l :( In f':'t ready forP r clas.:rom. L-at.e'ia] had Lo b' tyre , ;il Cdited
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O elb LuvL t ,.t (oo I , L l .1 i T II I 1t' ~ 1\ . (

hbAfore the prc.je it-atLo'1d; i Th c ( ,'e ld cow p TI-rol op4 i

*vo them, Z J*inA.kCL1; theAr clenaoor

Once the mat-rials wero produced, th1e succes-; of ti,,, coimn-e vu hrv:
* rsponsiblity of -the instructors. Key factoLrcl th.at cc) *rfllbut.cd JL!K

SUCCess Of the pilot course f rom the iinst.ructo' LO1 rsleiv w.11 . be
discussed next..

INSTRUCTOR PERSPECTIVE

Small Grf,-up

Staff groups were composed of twelve students and an lnstruc tor. '1Vhz_
instructor remnained with the same twelve students f'or the nine vwock' coulrc;C
and was rerpr~jnSible for all instruction,

The small group orienta1--Ton provided a nurrfhcr of ad~va-n',1r(-,s. Firstly,
the group size w-.aS Manageable from the i!u::tructorrs pers;pective. Cornie-,C Led
papers could be retarned to tbz student within a reasonazbi e timce, aill sE-
dents could be effectively brought, into discuss-ions, and focus could be.

* ~directed tow. ard voidc, in experience or Iori idnii by and Xi m
* . ~Llhc group. Secondly, group ;eai buildin cure hta iar r i rn

tocotibt sgifcntly -to the growith and education oP i td IvM.du -La r
rc~jmb u 1s , It w.,as the norm for stron., iThembe es of' a group to pull1wa c:c '
b long even when. the strong mem-Yiber was bci rig cla 11 ngcd. Thirdly, Then

*instructor could bccome thoroughly famil lnr with each01 student &;,,. 01;ireby
prvIde effective evalution.

Branph I.1ivem'-ificati on

Each grcup was composed of ry'srltv of scve-rnl difoerca * run
of tbe Army. Ther.:.o-re, tl. group conitanned -ii broad bas.e- of a ;rL.;, nd

eeIerec. Th:e, result was- that bra:,ch roprczelaie ~~a . i~'da

the authority in t 'c-i rel Yd ara.Fre ple, ls uro:u.ic
via a the group1 ..7 torl orn logi I -u nntievA , the adj u Inn . f,,1,-zst I -. corps,
officer the aut Lhoritoy on admirnistratli '/0 rvt trs, tii (c,~ m- tNVf7 cir iAs
authorYit~y on tact5 cAl mat tri e . iir er-c ojo.~ei 'Aolio Lo

br-r,ich e .per to study 1)nc 1oaVdi oi s h e ~l iv sm
exp rt o!ald cos 1, nu -.-o T1 !J~ j . sh Inal OT!ysI ,- ;_' f thl roC1 1,

treni, Lha, of the crre ,i the! (ld err Ri!- qi L -.: f' ) ''T IOU'D l7 rn; L" t
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the ini . ,.)olc:rs ' Livrtz e Ivoi L'i (ol [to~ .

woLeLhuxith'-. a 111 t Led tlirffame. 'i vi~ c o-,aivia1 LJhe, pr' l
* W-i:2 the ate u dard( E1cneou -_,:cJ by the: ntu: tov but crcd T 1y group r.l.

* ~~All night, aeoa ru Ccuircd early in the coins': atnd wvere noirn:tII y n-fiie.L
* I~e l.~r'rhio 's~trgglesC WLvuld occur, ithesuct Wi Lb xv rLs in an, ar-a u

*no,. bc. loved by tbhe rea:-t of the group, no sictoe~hedule% was ectablir shed
etfc. As; the group m~atured many of these barriers d.T~apeaeci. Lecaderso

~:udeither be assigned and the group would support the na ndleadr1 or
* : he roup vwotl~d mayo-)v th, bc-st qualif'ied person for 11he problem into the
* I adt,:r-!,J I) role. Student v14 Lb' exer4 eve renc-ri7 ecl arid a-z-Ignedl re-'.no-

*Abi.A ty'or providin- correct iromat .oa iii the-11-e f xerie V]e
a~n" shdile2 ver cstblished. The gvoup bea:eeff.e t, in fact ;o

efficient that by the en-d of the nine week course the group v.,aS capable of
S.. . ving vwhat wre origi,)nafI ly all night. problemjfs :i,. a few hour.3. -_e LvetIt

* of the- course con tri b:Aed t~o the need for efficetiy by the group and se'emed
toac as a catalyst in the groiips dovelopmanzt of ufficileny.

I'2Jlat-ion__SyStLen!

The evaluaLion sys-tem cmpl.o.ye~d was key to 1iistructor effcctlvenes-.. The
instructor- was Ithe boss,_", would provide friidanre -to thic ;Atudenits and woul~d
set the standard much a,% the boss wiould in a non- school erviron-ment. AS a
res, t le imstrue 1 had 'little di ff1.cuT.ly motivain and gui di i tdn

Subjeettlvc. All evziluations during the resi1dent portion of the coarse
w .ere ~ijciy.C(,.' * La-in products were ide ntlfied as s:pucifla product ., to be

* ~ ~~ e"&alm ,eg oxzrw brlefintg, today' a let ter, tv-/t ixael ' dculcIrl
vTT. i realit~y, oevery contribion or fal- on part or :7tu&e:' td ns

* evaluat.d. Wo' ins' vIA o~ 12 on 1 rati .-a, o~;Li to "tort," all studes Lak
er'ydy, o. g. ,"PT SoI.itl wha1. do you tkiii~~Lr .G~NGen' ril

-.-. c you were' -to read !fist n~~"Early ontsh atd , it rea i- 7ed -that acIequ!0e
7Ie.Pr!-arcm.o pre-vont-' enar: ;;.-.n ; Also eatrly on, ins trxur-tors yeall2 5 ca

valu of e~tnl]ishlg adail ~'~oIkeoping sys tcm in order to gT vt* id-

TIrl Td vi di!: .1 fueibne;k var- pro-vidred atdn~ citc r
'ulfol oH~g at'L~I., Ir i.f i nff .fN m-ot ins .,es, fcee baO- oii br7o.I Sf75

~.j nrvidu ho: dayv oL~I' br.7r,: ad feo.db" u o wrt et pvrblnc-t3 w
T;a'-C)1jvIdod vJJ.Iv~in r.- ro ( Th 7 s vroifld s l . h tudceilt o -.)rtn Y t")
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I ic''I m;e 1; IFttl IIe 1 Fe I 4eii e ' I r~ l ;: ~ '

r~ A, ui IyjrlI solI UL t , : Ii Fi. 1 l L dF'e'' L I

d uc:; the . tseliu ji mitYL tLew qpi 'sI.m re Vtd F;* A, 7', I

flsounid, logietil solUtilL vlicle I ":m vi lireY to (Fe" F.3FF FFee.:

tire desi ved 'c-ml I, as d~i'eit~'L(I by the2 l",40, li I- !, ' :A ur1,r: ' ~ ;:1 rw- FC ''

ill therV abA U.ily to Ir' o'i (.1 1i so?") v i Iag, JF Liii] C' Vi ;iIi 1,1w I l I li;

Ib ',t.t the y were iatolt, i L Lemtp t tg UL de v elop at so] 1] tl F, U)L that FIL I fI ; a ( 1
F

1 , '(xl

NiOTd "s IWderi ts v;'oul d d o v u op I!ng I~t LV 0, CI'h Li ye0 LaI Oir F 1tFF U Ie'F I.-:

Nature of' Ivalu.-1 lx Feedbacok proFvi ded to of LLLFJC 0F !'it trwpodie it,

and Ili.Y fjrsa hTigL ci -.1 ct initially RLii : ure i sital-1a Led ar ji:'cbi11 'ZLL

students. were very do fen:'iv( yet- they tliougl , Ltenr !ItiI'~. Il hs:P-'L V10Fill1d
be destLroyed. This pr ovided an initial (LbS Lad elt tL 1CAFL wn Oi I(C VP".. LFVF)'-

coliC when s~tudents We c advised that every repLor I genre to (effi-1 frl I il

-, ~~woF id indlca t( 01nly pas,- or FallI , bill.L t i'1ro-port-c; '51 hl 3111 1cC SF: LI' Vt e FidI

i'FSO IIF it hi-i y cv r'i m Lcl. T hes -xii idacid exrtLaIF J :-iced vlar ;sSuiL i I1;

s Lav(rard -the studun U. receiving, tLhe D wain consi d.-red1 to be (101rig, vc r, w v,11
Once the standards were as Labli nt vA an~d ltC(f) Led 1by -tm.' II "ddJl gUA I 'th

freiiti the feedb)ack.

Si 1 di1ng Scale Aio LIicr jleimit titI ocni; rud 'P: int In TilUFF''r v'. VMdU

grade on L -;I ldirig raI If' a 'tuerl rIpp-: *r'd to be u i' ' nfeF'F ieo'
tf(re waLs s Ii.]1. i'oori foir I nipnro ea.iu~iiLt he ii iS. l xiiF! L ('01Ce (i i ] ) ''F''Sit d' d

Lakew theuoif'or L awa y, ind jeje, r$ Ixoe p tlvu S Li'l't ktlv% Ik ''\'Fd lt'1 to
I ratio all1owe,(d the 1,(retee o Set)V~ H ~ [ i'Cr$ICI vihrCC 1TeL'. 'i:! bi'! 1IO:Cd( d l l

or-de'( to keepJ n part teaul-1 at: idn1 n iW e I ;was 7 (IF dI'in FIe'i gLl of

the rubjee Livce oval i i on sys turn usied.
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A1

"oll :iln!, is a .yi1(p. r (,. tc; ] 2:,, - i ,.;nr,vod irc c .1,, . .
naditr,<:' d ill this p ae :

1. Au thor Lva-ini contributLed Lo c'ff'eoLi ve wvrAit- r of coi rso -tri lL;

in the fovL.owig vays:

(a) Inexperienlud vw-iters were trsined in author skills.

(b) Familiarization with the Accountable Ins truction System srd the
use of that system was effective in providing focus to the writing effort.

(c) Awareness of the characteristics of small groups and the Lypes of
instmiactlon most suitable to the small group format, assisted authors in de-
veloping effective small group instruction.

(d) Understanding of Bloom's taxonomy allowed authors to develop in-
struction that would provide adequate background knowledge durirg initial in-
struction for use at the srnIhesis and analysis levels during later ins truction.

2. Development of learning objectives early in the writing cycle provided
a soUnd foundation for the development of the course materials.

3. The single thread concept has merit but requires extensive coordination
early.

4. It is challenging to develop instructional situations where the
primary focus is on process and procedures in lieu of but not to the exclusion
of content.

5. PrInting dates must, be wiell in advance of classroom dates.

6. Instruction in the 12-man staff group was effective.

7. Groups corqposed of a cross section of experience and expertise resulted
in quglity peer learning.

8. Highly cualifiod instructors gained credibility early and contributed
-to the succes, or the pilot course.

9. The intensity of the pilot course contributed to the devetlopment of
*,ar:i effort alld group efficiency.

10. The lo;,, t.x'.,ont highly crl tical evnluation systo;m tcortribu-,d si r'fB i-
cn: i, ly to s tud ,it I erslrv.-
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1 2. Tl'hT- o C'lllS'i ll o f ";eIvi salult,i onso coi Lributed L ih:7 Iii:l i \;ii nr-
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Decision Aids for Personnel Actions

Ward, Joe H., Jr., Air Force Human Resources Laboratory, Brooks Air
Force Base, Texas (Chair); Dumas, Neil S., US Army Research Institute
for the Behavioral and Social Sciences, Alexandria, Virginia; Kroeker,
Leonard P., Navy Personnel R&D Center, San Diego, California.

Military personnel actions are designed to maximize overall system
effectiveness. A general framework for viewing personnel action
systems will be discussed. The components to be considered are: (1)
the measurement of both personnel characteristics and job properties;
(2) the estimation of values to the military of each possible person-
job assignment; (3) approaches to optimization of the personnel ac-
tions, and (4) the importance of constrained choice by members of the
system. Attention will be given to a method of Policy Specifying
through which pay-off-values are generated. Techniques for ordering
lists of proposed personnel actions will be discussed. The concept
allows some of these predictor variables to be used to enhance pro-
diction of personnel action outcomes.
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5001 EISENHOWER AVENUE

ALEXANDRIA, VIRGINIA 22333

OMMY TO
AY"lNTION OF

PERI-RP

The Army's ABC R&D Program
to Build Decision Aids for Personnel Actions

Neil S. Dumas, Ph.D.
US Army Research Institute

While the theory of making "optimal" personnel/manpower decision is
easily expressed, the design and implementation of a system which simutan-
eously provides both the necessary data and mathematical aids has eluded the
Services thus far. The Army' R&D program for "Improving the Selection,
Classification and Utilization of Enlisted Personnel" comprises three main
projects, two of which will be discussed vis-a-vis the selection of
"optimal" manpower/personnel decisions in the real world.

Project B: a "Prototype Computerized Personnel Allocation
System" which will use all Project data as well as
the latest operations research techniques to produce decision
aids that identify "optimal" manpower and personnel choices.

Project C: the National Manpower Inventory - a longitudinal
study which: a) assesses the Nation's "stock" of knowledges,
skills and aptitudes residing in civilians aged 16-29 and
b) provides the basis for a mathematical model that supports
policy experimentation and manpower forecasts.
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AD P001433
KALMAN FILTERING TECHNIQUES

APPLIED TO ASSIGNMENT SYSTEMS

DR. LEONARD KROEKER
Research Psychologist

NAVY PERSONNEL RESEARCH AND DEVELOPMENT CENTER
SAN DIEGO, CALIFORNIA 92152

Kalman filtering techniques have been successfully applied to time series

data by engineers, econometricians and others. Although a standard multiple

regression approach can be used undor restrictive assumptions, a more dynamic
estimation method such as Kalman filtering, can automatically change the
estimates with the passage of time. Recent advances in assignment systems
employed by the military services ha~e underscored the need for tracking
mechanisms that are capable of handling changing process parameters. For ex-
ample in the Navy's assignment system CLASP, the 90 entry-level job cate-
gories foL enlisted personnel yield dIferi4g reference population means as
the incoming applicant pool changes. "he paper focuses on the use of Kalman
filtering methodology as a decision aid in generating one step ahead forecasts
and discusses the role of such methodology in the broad context of resource
management applications.
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My topic this afternoon is one that deals with certain aspects of time
series prediction. I want to share with you some thoughts on a forecasting
methodology and several problems related to applications of the process to
military personnel acquisition. In particular, I will concentrate on a prob-
lem that involves ninety inter-related time series. In addition to discuss-
ing the procedures that generate the time series data and the modeling
processes that facilitate explanation, I plan to raise questions concerning
solution quality, optimal series selection and the practical use of the pre-
diction mechanism.

State space forecasting involves the determination of models of random
processes based on the Markov property that implies independence of the
future of the process from its past, given the present state. In other words,
the state of a Markov process summarizes all the information from the past
that is necessary to predict its future. A general state vector model is
typically specified in terms of the following quantities:

(a) vectors of input, output, and internal state variables;

(b) a rule for transforming the state vector from one time point to
another;

(c) a relationship among the input, output, and internal state variables;

(d) a description of the initial state of the system; and

(e) the joint statistical relationships among all random variables.

In this paper, each system under investigation is treated as one whose
internal functioning is unknown. In other words, each is conceptualized as

a black box in which the computer program developed by Raman Mehra and his
associates sets parameters according to certain empirical characteristics of
the time series data set under study.

A typical time series data set drawn from a military personnel acquisi-
tion setting is shown in the following diagram. Notice that the profile is
highly irregular in character, that changes in elevations are apparent, and
that rapid changes occur before the model or filter is allowed to settle into
a stable configuration. In order to understand the purpose of applying state
space forecasting methodology to series such as this let us consider the
nature of the physical processes generating the series.

The problem originates within the U. S. Navy's recruitment and accession
system. The acquisition of manpower occurs in a regular manner despite minor
flow perturbations. For example, larger numbers of individuals are inducted
during summer months in order to accommodate personal educational objectives.
However, the Navy requires a fairly constant mixture of talented persons to
enter service throughout the entire year. Since many of these persons may
benefit from specialized training, a decision concerning a prospective Navy

job must be made at the time of entry. The time series in this study de-
scribe fluctuating levels of assignment utility associated with each of the
ninety job options.

The assignment of persons to jobs is complicated by certain process and
environmental constraints. Specifically, the order of applicant arrival
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affects the allocation procedure and necessitates the use of sequential process-
ing. Other influential factors involve individual strengths and weaknesses
and organizational quota requirements.

Navy officials have decided to use an automated system to quide the assign-
ment of first term non prior service personnel to jobs. For a given person,
the system produces a unique ordered list of job options as a function of per-
sonal characteristics, job properties, and system status variables. The way in
which the ordered option list is derived depends directly on the time series
data points that will be used to develop the forecasting models.

It is important to note that each job option is first evaluated with respect
to a number of criteria. Each criterion is represented in the form of a
mathematical function that reflects Navy policy concerns and system constraints.
Therefore, each aspect of a given person-job match is described by a numerical
value. The latter is intended to reflect the merit or utility of a particular
match.

In order to derive a single numerical value to describe the quality of any
given assignment the utility values for the separate components must be com-
bined. The resulting value is compared to a reference population whose utility
values have been similarly calculated, the reference population contains mem-
bers who may be regarded as potential competitors for the job under considera-
tion. The result of the comparison determines the position of the job option
on the unique ordered list.

To illustrate the operation of the list producing process and to develop
the argument concerning the role of the reference population in the determina-
tion of each time series data set consider a system involving only two job
options. Personal and system variables combine to form a composite utility
value for each of the two job options. Comparisons with the respective refer-
ence populations indicate the relative merit of one job assignment as opposed
to another. The mean of a given reference population is the data element of
interest for this paper. As the incoming applicant population changes so does
the mean of the reference population for a given job. The inter-relationships
are complex and are not easily traced.

The mean of any given reference population is called a decision index
mean. It is the counterpart to a column mean in a payoff matrix. It fluctu-
ates in value month by month in response to varying personnel quality and
other changing system variables.

- . At this point let me raise a question that bears directly upon the need
for a forecasting mechanism, namely, how is the decision index mean obtained
for any given month? The means cannot be calculated directly since they de-
pend not only upon personal and system data but also on the configuration of
assignments actually made. In short, the pattern of assignments itself influ-
ences the values entered in the payoff matrix from which the decision index
means are computed.

The calculation of the decision index means, therefore, represents a
significant problem and is approached in the following way. An assignment
simulation program is run under the assumption that all reference populations
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or alternatively, decision index means, are identical. The means associated
with the resulting payoff matrix are used as input parameters for the second
iteration of the program. A second set of assignments is obtained for all per-
sonnel and the payoff matrix changes again. The iterative sequence continues
until a stable assignment configuration results. Ironically, when convergence
is achieved, the resulting decision index means are those that should have been
used for the month that is now a part of the historical record. Clearly, we
are always a month behind and what is needed is a predictive mechanism for each
time series in order to provide estimates of the decision index means that
ought to be used in the assignment system.

The following diagram illustrates the means embedded in the ninety time
series. Each column represents the solution for a given month and is indepen-
dently derived. The rows are the series corresponding to different jobs. The
row averages reveal distinct differences between series. The series are typi-
cally positively correlated and the distribution of series correlation magni-
tudes is provided by the following figure.

The following diagram illustrates the behavior of a representative series.
The data appear rather noisy indicating that prediction will be relatively
difficult. An examination of the data plot for the three-month moving average
indicates that the behaviLZ of the series prior to the sixteenth month fluctu-
ates about a value of 4310 and that a temporary shift in elevation occurs at
the sixteenth month.

The next diagram displays a plot of the one-step ahead state space predic-

tion for the data just described. The prediction oscillates to a moderate
degree in response to the noise component in the data. As a larger number of
observations are integrated into the solution the prediction begins to resemble
the data profile lagging behind by about one or two time periods near the
middle of the series. The filter attempts to track the shift in elevation that
occurs about the sixteenth month and appears very sensitive to the noise com-
ponent as evidenced by the increased oscillation amplitude at time period 21.

Tracking ability can be improved by selecting an appropriate companion
series, integrating it into the state vector and deriving the Kalman filter
that will yield one step ahead predictions. Effective series selection is
difficult to accomplish in practice since the criteria for combination are not
well defined.

The effects of adding a second series to the one described earlier can be
ascertained from the next slide. The profile resembles the one step ahead
prediction generated by the Kalman filter applied to the original single series.
The peaks are diminished to a small extent but the shape is highly similar.

A quantitative approach to assessing the degree of improvement resulting
from the addition of the second series involves the calculation of the discrep-
ancy sum-of-squares between data points and the corresponding one step ahead
predictions. Calculation of the statistic for both the single and double
series models allows the desired comparison to be made. The decrease in dis-
crepancy sum-of-squares due to the addition of the second series in this
instance is 8.2%, a value that is about average for the data set. Typical re-
ductions range from a high value of 20% to a low one of 0%.
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In principle, the reduction of discrepancy sum-of-squares, in order to

improve prediction, can be accomplished using more than two series. TIa data

set in this study, limited to 24 observations per series and amply endowed
with noise components, has not yielded satisfactory solutions for combinations
of three or more series.

The most effective empirical combination procedure involves the selection
of series for which one has good quality state space models. For example,
when electing to combine two series, one ought to examine the properties of
the filter derived for each one separately. A second important consideration
in the determination of an effective selection strategy involves the degree
of correspondence between the first order differences of the participating
series. Preliminary empirical results are encouraging. However, an analyt-
ical basis for selection quidelines is desired.

Earlier in this presentation the need for the one step ahead for each
series was established and discussed. At this point the question of their
use in predicting the decision index means will be addressed.

At present the assignment system is operated under the assumption that
the means do not vary with time. The long-term average for each series is
used as the measure of location for each respective reference population.
Whether or not to employ the model generated predictions in the assignment
system as opposed to the long term average for any given series is, there-
fore, at issue.

The decision procedure to be discussed is intended as a quide to the op-
erational use of the derived state space models in the personnel assignment
context. It is designed to determine which of the two options to employ
under various conditions.

For a given time point Ti let us consider three quantities, namely, the

data point, the predicted point generated by the model, and the long-term
average of the series. The discrepancy sum-of-squares term determined from
the differences between the data points and the long-term average is defined
as SST. The corresponding sums-of-squares terms due to differences between

data points and the predicted values and between predicted values and the
long term average are called SSD and SSK, respectively.

In the following diagrams two conditions that play an important role in

the procedure are identified. In the first one, the predicted values tend

to be bounded by the data points. In other words, the oscillation amplitude
for the predictions is lower than that for the data and SSK is consequently

less than SS . In the second condition the predicted values display a larger

oscillation amplitude than the data points and so the value of SSK is greater

than that of SST.

During the first stage of the procedure the relative magnitudes of SSK

and SST are compared. If the latter is larger, then decision D2 is taken,
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namely, that the state space model is used to provide one step ahead forecasts
for the series; otherwise the decision is deferred.

During stage two, the relative magnitudes of SSD and SSK are the primary

determinants of the decision outcome. Small values of SSD, the measure of

discrepancy between data points and predicted values, are desired. When SS

is less than SSK and when SSD is smaller than a constant, SST the decision

is to use the forecasting model. When the two statistics do not meet the
above conditions the long-term average value for the series in question is
used to anchor the position of the reference population.

The following slide is a flow diagram representing the decision procedure.
The outcome designated D2 is achieved when the performance of the state space
model meets the criteria outlined above. In effect it governs the conditions
under which the forecasting model may be employed within the assignment system.

A minor modification of stage one, as shown in the diagram, represents a
slightly more conservative approach with respect to employing the forecasting
model.

The results of developing forecasting models for the series in this study
are mixed. The models are in the form of time-invariant Kalman filters. In
some instances, the prediction of the series are adequate and, in others,
unsatisfactory. Rapid shifts in the nature of the series contribute signifi-
cantly to lack of fit. As a result, the parameters of the state space models
change in an unpredictable way and the time-invariant models do not perform
well.

Several limitations of the study are noteworthy. The series consisted of
only twenty-four data points. Forty points are usually recommended as a
minimum number to achieve stable predictions. The data aggregation procedure
may also have contributed to the disjointed character of the profiles. Data
aggregation over time periods of either one week or two weeks as opposed to
one month may result in smoother prediction profiles.

Future research will deal with the investigation of strategies for opti-
mal choice of series to maximize predictability. This appears to be a useful
area for further research since sufficient numbers of inter-relationships
among series exists and, therefore, better prediction mechanisms can be ex-
pected.

In suinary, it can be concluded that even under adverse conditions state
space forecasting models can make significant contributions. Although time
invariant models may not be ideally suited to this kind of data they still

outperform other options such as the use of the long-term average. Prelimi-
nary results indicate that substantial gains may be made by employing adap-
tive filtering techniques. It is recommended that the feasibility of employ-
ing state space forecasting methodology to a broad range of social science
problems be investigated.
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DECISION AIDS FOR PERSONNEL ACTIONSAD P001434
Joe H. Ward, 

Jr.

Air Force Human Resources Laboratory
Brooks Air Force Base Texas 78235

COMPUTER ASSISTED PERSONNEL ACTION CONCEPT

Military personnel actions are designed to maximize overall system

effectiveness. In designing personnel systems, attention should be given to

evolutionary systems improvement. This allows for future modifications of the

system when new policies or new research findings are to be tested and
implemented. Evolutionary personnel systems improvement can be helped by

using a conceptual model that eases communication among operational and

research personnel. This model aids in specifying the research and
development required, and in identifying the places in the system where
modifications will be made. One description of a personnel system has been

described earlier (Ward et al., 1978, Hendrix et al., 1979). A slightly
different view is presented below. This representation is called a

Computer-Assisted Personnel Action System (COMPAS).

CONSTRAINED ORDERED LISTS

Consider first the final outputs of the COMPAS model illustrated in
Figure 1. The left side of the picture represents a person observing a

constrained ordered list of jobs (or other actions) from which to choose. The
list is constrained because usually it is not appropriate to offer the entire

universe of jobs (or actions) from which a person may choose. The list is

ordered in such a way that the choice of a job (or action) near the top of the
list will result in better personnel system effectiveness. While constrained

ordered lists of jobs are available to personnel of the system, constrained
ordered lists of people are available to the job managers -- illustrated on
the right side of Figure 1. This list also is constrained and ordered in such

a way that the choice of a person near the top will result in better personnel

system effectiveness. To produce the constrained ordered lists requires
attention to details described below.

PERSON-JOB INFORMATION

Figure 2 illustrates the major components of the Computer-Assisted
Personnel Action System. The basic input required by the System is
information about tasks, jobs, or actions required (Job Data Base), and
information about personnel available to perform the tasks (Person Data
Base). The measurement of personnel characteristics (e.g. aptitudes,

interests, achievement, etc) to identify differences among people has been a

major research and development activity for many years. In recent years,
there has been more attention to the description and measurement of job

properties (e.g. mental and physical requirements).

The interaction between people characteristics and job properties is the
main concern of personnel action systems. Therefore it is essential to

maintain close interdependence of research involving the measurement of people
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characteristics and the measurement of job properties. An important example
of this interdependence is mentioned below in a discussion of Catalytic

*" Variables.

PAYOFF VALUE GENERATION

Person and job information must be combined in a way that will provide an
*i estimate of the payoff (or utility) to the personnel system of each possible

person-job assignment (or action). One procedure for generating payoff values
that has been used operationally by both the Air Force and the Navy is called
Policy Specifying (Ward, 1977; Ward et al., 1979). Policy Specifying pr-,Vides

*- a method of combining many different variables into a single indicator of

payoff.

OPTIMALITY VALUE GENERATION AND CHOICE

It is not always possible to fill each job with that person who has the
highest predicted payoff for that job; similarly, every person cannot always
occupy that job for which he/she has the highest predicted payoff. The
approach used in the COMPAS system is to allocate all persons to jobs in such
a way that the sum of the resulting predicted payoff values tends to be as
large as possible. When the predicted payoff values are available for all
persons on all jobs, then it is feasible to find an allocation of all people
to jobs such that the payoff sum is maximized by using an algorithm such as

* that of Langley et al., (1974). This approach assumes that neither the
personnel nor the job managers are allowed any choices in selecting jobs and
persons respectively. In many situations it is desirable to allow both
personnel and job managers to choose from a constrained ordered list. It is
possible that choices from constrained ordered lists by persons or job
managers might even lead to closer estimates of the "true" (and unobservable)

payoff values. It might be argued that the "choice process" can bring
information into the system that "fine tunes" the payoff estimations that are
used to produce the ordered lists. Further, if the constrained ordered lists
are appropriately developed, then choices from the lists may result in a sum
of the predicted values that is very near a maximum value. It is possible
that the choice process can yield both a sum that is quite close to the
maximum sum of the predicted payoff values and, at the same time, a close
estimate of the maximum sum of the "true" (and unobservable) payoff values.

The desire both to optimize and to allow choice from a constrained ordered
list leads to generation of an array of optimality values. These values

* reflect the expected effect on the overall sum of payoff values of assigning
each person to each job. Approaches to the generation of Optimality Index
values have been described by Ward (1959, 1979). Optimality Index values are
computed, put into an Allocation Array and used as a basis for producing the
output lists shown in Figure 1. The highest values in the Allocation Array
for each person (row) are used to produce the job list. The highest val.es
for each job (column) are used to generate the person list.

CATALYTIC VARIABLES

The importance of interaction among people characteristics and job
properties in personnel classification has been described by Ward (1979).
Recognition that interaction among person-job predicted payoff values is the

1688



*" fundamental prerequisite for differential classification has very important

, implications. This means that a constant can be added (or subtracted) from
any row (or any column) of a person-job match predicted payoff array without
changing the optimum allocation of persons to jobs. This fact allows the
personnel manager to use selected measures of people characteristics or job
properties in a non-interactive way to help estimate accurately the weights
associated with the interactive person-job variables. After these selected
measures (called Catalytic Variables) have been used to more accurately

* estimate the interaction component, they are not required for operational use
in optimal classification.

To illustrate, assume we are predicting job performance (Yij) of person

i on job i from a weighting (WI) of a person's aptitude Xi, a weighting

(W2 ) of a job's aptitude requirement Xj, and a weighting (W3 ) of the
interaction (Xi*Xj )

Yij = WI Xi + W 2 Xj + W 3 (Xi*Xj ) + Eij

Assume that the errors (Ei-) are large and that the interaction weight W 3
is near zero. The objective of adding a Catalytic Variable is to decrease the

errors (Ei) and increase the size of the interaction weight (W3 ). This

*" yields an equation with new weights

Yij = (WI)' Xi + (W2 )' Xj + (W3 )' (Xi*X j ) + W4Xc + (Eij)'

where (WI)', (W2 )', (W3 )' and (E )' are generally different
from WI, W2 , W3 , and Eij" We would jike the addition of W4Xc to

" the equation to result in a new interaction weight (W3)' that is larger
than W3  and new errors (Eij)' that are smaller than Eij. Now the
predicted values are

Pij (W) Xi + (W2 )' Xj + (W3)' (Xi*Xj) + W4Xc

If it is desired to classify persons into jobs to maximize the sum of the
Pij values, then we can find an optimum classification using only the
interaction component

(Pij)= (W3 )' (Xi*Xj)

Notice that the solution to the classification problem no longer requires
Xc, the Catalytic Variable, but only the variables Xi  and X The
Catalytic Variable has already completed its required mission of assisting in
estimation of the interaction term (W3 ) .

Variables that are risky, expensive or controversial may be used in a
Catalytic role to enhance interaction among other variables. 1hen these
Catalytic Variables are not required for operational classification.

The application of the Catalytic Variable concept for use in the Armed
* Service Vocational Aptitude Battery (ASVAB) and the Air Force's Vocational
, Interest-Career Examination (VOICE) should be investigated. A preliminary

study has been completed to illustrate the use of sex and ethnic categories as
Catalytic Variables-for the Armed Forces Qualifying Test (AFQT).
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SUMMARY

A general framework for viewing personnel action systems was presented.

The components considered were: (1) the measurement of both personnel

characteristics and job properties; (2) the estimation of values to the

military of each possible person-job assignment; (3) approaches to

optimization of the personnel actions, and (4) the importance of constrained

choice by member of the system. Attention was given to a method of Policy

Specifying through which payoff values are generated and the ordering of lists

of proposed personnel actions. The concept of catalytic predictor variables

for use in differential classification was emphasized.
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MINUTES

MTA Steering Committee Meeting

Arlington, Virginia, 26 October 1981

INTRODUCTION

The meeting was opened at 0900 hours at the Quality Inn, Arlington,
Virginia by Mr. Arthur Marcus, Conference Coordinator who was representing
COL L. Neale Cosby, President. Dr. Arthur C. F. Gilbert, Co-Chairman
Program Committee represented Dr. Joyce L. Shields, Secretary. The
presence of two representatives from the Federal Republic of Germany was
recognized, both from the Ministry of Defense: Fregatten Kapitan R. E.
Rolfs and Herr Minrat M. L. Rauch. It was agreed and voted that those
individuals would now represent the Federal Republic of Germany instead
of the representative from the German Armed Forces Association and the
representative from the German Armed Forces Psychological Services
Research Institute. The Naval Education and Program Development Center
was not represented.

The minutes of the previous year's MTA Conference held in Toronto,
Canada was read by the Secretary and unanimously approved by the Steering
Committee.

Publication Review Group

Dr. Waldkoetter reported on the progress of the Publication Review
Group. He reported that Praeger Publishers (a subsidiary of Columbia
Broadcasting Company), D. C. Heath, and Sage are interested in marketing
texts in the area of military psychology. He mentioned the readability
of having four books in the area and that the editors and authors were
working toward this end.

Publication of Conference Proceedings

Then followed a discussion of the publication of proceedings of the
Association in the future. It was generally agreed that the current
practice of publishing the complete text of all papers presented could
no longer be entertained because of cost.

Several possibilities were entertained such as placing the complete
text of the proceedings in the National Technical Information Service
(NTIS) depository and distributing a number of hard-bound copies to the
participating agencies. However, it was agreed that the professional
publication of any hard-bound copies would be unwise and that the most
practical approach would be to place a single photo reproducible copy in
NTIS so that either microfiche or hard copies could be made available
upon request. The abstracts of the papers would be published as they
presently are and these abstracts would serve as a guide to the requestor
of papers from the NTIS. Dr. Fischl mentioned the need for a more
standardized format for abstracts and papers and this was supported by
the members present.
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Suggested Revision of MTA By-Laws

The issue of revision to the current by-laws was raised by the

Chairman. He reported that the legality of electing the President of MTA

by virtue of his position as Commander of the host organization was
questionable as expressed in Article VI B of the current by-laws which

states "The President of the Association shall be the Commanding Officer
of the armed services agency co-ordinating the annual conference of the
Association." The Chairman said that the US Army Research Institute for
the Behavioral and Social Sciences (ARI) had obtained a Judge Advocate

General's opinion on this and related issues in the current by-laws
expressed in Article III that places responsibility on the hosting

agency for conducting the annual conference. As a result of the legal
opinion the Chairman presented a revised set of by-laws for review by

the Steering Committee (Inclosure 1) which principally modifies Article
VI B to state "The President, who is elected by a majority of the Steering
Committee, serves as the Chief Executive of the Association and as

* Chairman of the Steering Committee." Then followed a discussion of this
issue by the members present. There was some discussion as to the
applicability of the change in by-laws to other hosting agencies, but
particularly in the case of the foreign agencies represented. The
proposed by-laws are to be studied by the Steering Committee who will

.. reach a decision at the next annual conference.

Greater Participation by Commanders and Staff

The discussion on the proposed changes to the by-laws centered

around the legality of the current Military Testing Association procedures
in involving command and command staff in the annual conference. It was

generally agreed that such participation was meaningful and essential to
the successful conduct of MTA conferences.

Harry Greer Award

There were not any nominations for the Harry Greer award this year.
NOTE: It should be incumbent upon members of the Steering Committee to
solicit such nominations in the future since the award has not been made

since 1979.

Future Sites of MTA Conferences

Joe Hazel from the AFHRL reported that the Air Force is willing to
host the 1982 Annual Conference in San Antonio from 31 October - 5 November
1982 since the Naval Educational and Training Development Center is

*- unable to do so because of problems with facilities. He reported that

the Development Center would be able to do so in 1983. The issue was

then raised that perhaps the Federal Republic of Germany would like to

host the meeting in 1982 since they were scheduled to do so in 1982 and

they were next in line after the Navy. The German representatives stated

that they did not feel ready to host the conference until 1984 at which
time they will be better prepared to do so. The Coast Guard representative
stated that the Coast Guard Institute would act as a back-up host for the
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1982 and 1983 Conferences and volunteered as the coordinating agency for
1985. Mr. Joe Hazel then suggested that the Air Force would host the
conference in San Antonio and that the Conference would be jointly
iepresented by the Air Force Human Resources Laboratory (AFHRL) and the
Occupational Measurement Center (OMC). He proposed that COL Terry of
AFHRL and COL Ringebach of the OMC serve as Co-Presidents and that the
individual who would actually serve as Chairman was not as yet decided.
COL Terry and COL Ringebach were then nominated and voted unanimously as
the Co-Presidents for the 1982 MTA Conference. In summary, then, the
future sites of the MTA Conference are:

1982 Air Force Human Resources Laboratory/Air Force
Occupational Measurement Center (San Antonio)

1983 Naval Education and Development Center
(Pensacola)

1984 Federal Republic of Germany (Munich)

1985 US Coast Guard Institute (Oklahoma City)

Adjournment

The meeting was adjourned at 1030.

J L. SHIELDS, Ph.D. L. NEALE COSB
S cretary COL, IN

President
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BY-LAWS OF THE MILITARY TESTING ASSOCIATION*

Article I - Name

The numu of this organization shall be tho Military Tooting Association.

Article II -Purpose

The purpose of this Association shall be to:

A. Assemble representatives of the various armed services of the
United States and such other nations as might request to discuss and

* ~ exchange ideas concerning assessment of military personnel.

I B. Review, study, and discuss the mission, organization, operations,
-- and research activities of the various associated organizations engaged in

military personnel assessment.

C. Foster improved personnel assessment through exploration and

presentation of new techniques and procedures for behavioral measurement,
occupational analysis, manpower analysis, simulation models, training

* programs, selection methodology, survey and feedback systems.

D. Promote cooperation in the exchange of assessment procedures,
. techniques and instruments.

E. Promote the assessment of military personnel as a scientific
adjunct to modern military personnel management within the military and

. professional communities.

Article III - Participation

- The following categories shall constitute membership within the
MTA:

A. Primary Membership.

1. All active duty military and civilian personnel permanently
assigned to an agency of the associated armed services having primary

responsibility for assessment for personnel systems.

2. All civilian and active duty military personnel permanently
assigne4 to an organization exercising direct command over an agency of

the associated armed services holding primary responsibility for assessment
of military personnel.

*As approved at the 1978 General Meeting of the Association 2 Nov 78,

Oklahoma City, Oklahoma
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B. Associatc Membrship.

1. Membership in this category will be extended to permanent
pcrsonnel of various govcrnmcntal, educational, business, industrial aiud
private organizations engaged in activitien that parallel thoue of Lho
primary inumernl ip. Anuociato membors shall bo entitled to all privilogeir
of primary members with the exception of membcrship on the Steering
Committee. This restriction may be waived by the majority vote of the
Steering Committee.

Article IV - Dues

No annual dues shall be levied against the participants.

Article V - Steering Committee

A. Tho governing body of the Association shall be the Steering
Committee. The Steering Committee shall consist of voting and non-voting
members. Voting members are primary members of the Steering Committee.
Primary membership shall include:

1. The Commanding Officers of the respective agencies of the
armed services exercising responsibility for personnel assessment programs.

2.. The ranking civilian professional employees of the respective
agencies of the armed service exercising primary responsibility for the
conduct of personnel assessment systems. Each agency shall have no more
than two (2) professional civilian representatives.

B. Associate membership of the Steering Committee shall be extended
by majority vote of the committee to representatives of various governmental,
educational, business, industrial and private organizations whose purposes
parallel those of the Association.

C. The Chairman of the Steering Committee shall be appointed by the
Presidene of the Association. The term of office shall be one year and
shall begin.the last day of the annual conference.

D. The Steering Committee shall have general supervision over the
affairs of the Association and shall have the responsibility for all
activities of the Association. The Steering Committee shall conduct the
business of the Association in the interim between annual conferences of
the Association by such means of communication as deemed appropriate by
the President or Chairman.

E. Meeting of the Steering Committee shall be held during the annual
conferences of the Association and at such times as requested by the
President of the Association or the Chairman of the Steering Committee.
Representation from the majority of the organizations of the Steering
Committee shall constitute a quorum.
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Article VI - Officers

A. The Officers of the At;zociation shall consist of a President,
Chairman of the Steering Committee and a Secretary.

U3. The President of the Association shall be the Commanding Officer
of the armed services agency coordinating the annual conference of the
Association. The term of the President shall begin at the close of the
annual conference of the Association and shall expire at the close of the
next annual conference.

C. It shall be the duty of the President to organize and coordinate
the annual conference of the Association held during his term of office,
and to perform the customary duties of a president.

D. The Secretary of the Association shall be filled through appoint-
ment by the President of the Association. The term of office of the
Secretary shall be the same as that of the President.

E. It shall be the duty of the Secretary of the Association to keep
the records of the association, and the Steering Committee, and to

*[ conduct official correspondence of the association, and to insure notices
' for conferences. The Secretary shall solicit nominations for the Harry

Creer award prior to the annual conference. The Secretary shall also
- perform such additional duties and take such additional responsibilities

as the President may delegate to him.

Article VII - Meetings

A. The Association shall hold a conference annually.

B. The annual conference of the Association shall be coordinated by.
the agencies of the associated armed services'exercising primary responsi-
bility for military personnel assessment. The coordinating agencies and
the order of rotation will be determined annually by the Steering Committee.
The coordinating agencies for at least the following three years will be
announced at the annual meeting.

•C. The annual conference of the Association shall be held at a time
and place determined by the coordinating agency. The membership of the
association shall be informed at the annual conference of the place at
which the following annual conference will be held. The coordinating
agency shall inform the Steering'Committee pf the time of the annual
conference not less than six (6) months-pri6r to the conference.

D. The coordinating agency shall exercise planning and supervision
over the program of the annual conference. Final selection of, program
content shall be the responsibility of the coordinating organization.
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E. Any other organization desiring to coordinate the conference may

submit a formal request to the Chairman of the Steering Committee, no
later than 18 months prior to the date they wish to serve as host.

Article VIII - Committees

A. Standing committees may be named from time to time, as required,
by vote of the Steering Committee. The chairman of each standing committee
shall be appointed by the Chairman of the Steering Committee. Hembers of
standing committees shall be appointed by the Chairman of the Steering .
Committee in consultation with the Chairman of the committee in questiqn.
Chairmen and committee members shall serve in their appointed capacities

at the discretion of the Chairman of the Steering Committee. The Chairman

of the Steering Committee shall be ex officio member of all standing
committees.

B. The President with the counsel and approval of the Steering
Committee may appoint such ad hoc committees as are needed from time to

time. An ad hoc committee shall serve until its assigned task is
-. cdmpleted or for the length of time specified by the President in counsul-

tation with the Steering Committee.

C. All standing committees shall clear their general plans of action
and new policies through the Steering Committee, and no comittee or
committee chairman shall enter into relationships or activities'with
persons or groups outside of the Association that extend beyond the
approved general plan of work without the specific authorization of the
Steering Committee.

D. In the interest of continuity, if any officer or member has any
duty elected or appointed placed on him, and is unable to perform the

designated duty, he should decline and notify at once the officers of the
association that he cannot accept or continue said duty.

Article IX - Amendments

A. Amendments of these y-Laws may be made at any annual conference
of the Association.

B. Amendments of the By-Laws may.be made by majority vote of the
assembled membership of the Association provided that the proposed amend-

meats shall have been approved by a majority:vote of the Steering Committee.

* C. Proposed amendments not approved by a majority vote of the
Steering Committee shall require a two-third's vote of the assembled
membership of the association.
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Article X -Voting

All members in attendance shall be voting members.

Article XI - Enactment

These By-Laws shall be in force immediately upon acceptance by a
majority of the assembled membership of the Association and/or A-ended
(in force 2 November 1973).
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NAM4ES AND ADDRESSES OF REGISTRANTS
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